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ANEURYSM OF THE PULMONARY ARTERY: REVIEW OF THE 
LITERATURE AND REPORT OF A CASE 


Ravpu A. DETERLING, JR., M.D.,* AND O. THERON CLAGETT, M.D.7 
ROCHESTER, MINN. 


RUE aneurysm of the pulmonary arterial trunk or of its major branches, 
whether the aneurysm is saccular or fusifo1m, deserves to be listed with the 
rare lesions of the vascular system. A review of some reported series of necropsies 


bears this out. 
FREQUENCY OF OCCURRENCE 


In Table I it is seen that in a group of 109,571 post-mortem examinations 
aneurysm of the pulmonary artery has been encountered and described only 
eight times. This is a ratio of one case in 13,696 necropsies. Similarly, various 
authors reporting large series of arterial aneurysms, even when those lesions are 
restricted to intrathoracic vessels, only rarely find an aneurysm of the pulmonary 
artery (Table II). In the English literature, from 1785 to 1847, Crisp!’ found 
only two cases among 530 aneurysms. In 1910 Giroux,” in reviewing 116 medi- 
astinal aneurysms, found only one case of dilatation of the pulmonary artery 
with atherosclerosis. In 1918 Nikolaiew® studied 271 cases of mediastinal 
aneurysm and described two pulmonary arterial aneurysms, only one of which, 
however, was confirmed by necropsy. In a total of 1,671 cases of aneurysm 
compiled by Lucke and Rea®® in 1921, Klotz* in 1926, and Scott™ in 1934, there 
were no pulmonary aneurysms. Blakemore, in a recent letter to the authors, 
indicated that there were no aneurysms of the pulmonary artery among the 456 
aneurysms seen at Presbyterian Hospital in New York City between 1917 and 
1936. Such also was the case when Mills and Horton® in 1938 reviewed 596 
arterial aneurysms, of which 339 were intrathoracic, seen at the Mayo Clinic 


from 1925 to 1935. 
Received for publication Dec. 28, 1946. 
*Fellow in Surgery, Mayo Foundation. 
+Division of Surgery, Mayo Clinic, 
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We recently studied the records of 146 patients seen at the Mayo Clinic in 
the past eleven years, concerning whom a definite clinical diagnosis of medias- 
tinal aneurysm had been made, without the finding of one aneurysm of the 


pulmonary artery. 


TABLE I. ANEURYSMS OF THE PULMONARY ARTERY IN NECROPSY MATERIAL, 1848 to 1946 


NECROPSIES, | ANEURYSM, 


AUTHORS | NUMBER CASES 


I | 10,000 
t hole Jlomew 


Scott?! 


Costa!® 20,000 


10,000 


1918- 1924 


1929 a Florence 


Kappelit® 8, 000 


— 


D’Aunoy and von Haam!® 


jennes 338 


1906- 1934. | Charity, New Orleans 


U p to 1936 | Johns Hopkins 


| | 


Sisson, Murphy, and 


Newman” 1936-1945 re Hopkins 


Deterling and Clagett 


| 


| 1910-1946 | Mayo Clinic 
Totals | 
| 


*The number of necropsies involved in the series of D’Aunoy and von Haam was not disc losed in 
their paper. It was kindly furnished to the present authors on Aug. 19, 1946, by Dr. Emma 8S. Moss, 
director of the Department of Pathology of the Charity Hospital of Louisiana at New Orleans. 


TABLE II. THE OCCURRENCE OF ANEURYSM OF THE PULMONARY ARTERY AMONG ALL REPORTED 
ANEURYSMS OF INTRATHORACIC VESSELS, 1785 TO 1946 


ANEURYSMS | 
OF PULMONARY | YEARS 
ARTERY, NUMBER | 


VARIOUS 
AUTHORS Ane URYSMS, | 
TYPES AND NUMBER 


| 
England 


Crisp!” 530 total aa | 1785- 1847 


1910 


Giroux?5 116 


Nikolaiew® 271 Russia 


| 
| 


456 total | 1917- 1936 aE New York 


Blakemore 
Mills and Horton® 596 total 
339 thoracic 


| 1925-1935 | Mayo Clinic 


| 
1935- 1946 | evn Clinic 


Deterling and C | 147 mediastinal 
| 


Totals 4,126 


472 
| 
YEARS PLAC! 
New York City”! | 0 
1 
4 
14,523 | 2 
Lucke and Rea*® ) | 1921 
Klotz 1,671 total 0 1926 
Scott” | 1934 
| 0 
| 
1 
| 0 
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CRITERIA FOR CLASSIFICATION 


The importance of setting up definite criteria for proper classification of 
lesions of the pulmonary artery has been emphasized by Boyd and McGavack.’ 
In accord with the qualifications they set forth and with the definitions in the 
leading textbooks of pathology, we have accepted as authentic instances only 
those in which, at necropsy, a permanent, more or less circumscribed dilatation 
of the pulmonary artery with some organic degeneration of its wall could be 
demonstrated (Table III). Listed separately are a series of twenty-three cases 
in which an unproved clinical diagnosis alone was reported (Table IV). 

Early in our search of the literature, we were impressed with the extreme 
dificulty of determining whether many instances of definite and sizable dila- 
tation of the pulmonary artery should be considered as examples of aneurysm. 
Although previous authors included patients concerning whom a clinical diag- 
nosis of aneurysm of the pulmonary artery had been made, we were not con- 
vinced that there existed a justifiable basis for the diagnosis in many of the his- 
tories we reviewed. Further evidence for viewing the clinical diagnosis with 
some skepticism in a statistical analysis such as this was furnished by the number 
of published necropsy reports concerning patients in whom marked dilatation 
of the pulmonary artery had existed during life, but in whom no significant 
alterations of the wall of the vessel could be found histologically. Thompson®? 
showed by angiography and surgical exploration that in two cases in which the 
diagnosis was ‘‘pulmonary aneurysm”’ the true lesions were aortic aneurysm 
and a bronchiogenic carcinoma of the lung. Dilatation of the pulmonary artery 
Was a surprisingly frequent finding, but since one must have proof of destruction 
of one or more layers of the wall of the vessel before one can describe a lesion 
accurately as ‘‘aneurysm,” we have been forced to accept only those cases in 
which the observations made at necropsy were compatible with the definition. 
Since we are interested only in aneurysm of the trunk or primary branches of 
the pulmonary artery, we have also excluded all instances of simple dilatation 
or aneurysm of the small peripheral branches. 

Among the latter, the Rasmussen aneurysm of a peripheral artery in the 
wall of chronic tuberculous cavities is said to be found in 4 to 5 per cent of necrop- 
sies of patients who die of chronic pulmonary tuberculosis.4* West! said that 
Rokitansky had a case in which this condition was associated with massive cavi- 
tation of the lung. Between the years 1877 and 1884, West!-!°* himself reported 
six instances of aneurysm of the pulmonary artery, but these were found to be 
associated with tuberculous cavities. Similarly, Kidd® in 1884 reported four 
cases of Rasmussen aneurysm. This author found twenty-six aneurysms of the 
pulmonary artery in 230 persons who died of pulmonary tuberculosis. Sixty-five 
per cent of these persons died of rupture of the sac and fatal hemorrhage. Auer- 
bach! described forty-five cases from among 1,114 necropsies of people who had 
died of chronic pulmonary tuberculosis. 

A number of cases have been excluded from the present paper because of 
ameurysmal involvement of only secondary or peripheral branches of the vessel 
in question. West! in 1877 reported on a woman 46 years of age who died of 
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rupture of an aneurysm of a branch of the right pulmonary artery, associated 
with severe bronchiectasis. Kidd" in 1893 presented a case in which a 22-year- 
old woman had an embolic aneurysm the size of a walnut in a secondary branch 
of the artery to the lower lobe of the left lung. Wolff-Bremen' in 1936 reported 
multiple mycotic aneurysms of the secondary branches in a woman 21 years of 
age who had had angina and polvarthritic rheumatism. H6ra and Wendt*? in 
1941 saw a patient who had pulmonary thromboendarteritis with multiple 
mycotic aneurysms. Lelli’! in 1941 reported multiple mycotic aneurysms of 
the pulmonary arteries in the presence of ulcerous endocarditis of the aorta and 
patent ductus arteriosus. Clausen’ in 1945 described the condition of a 69-year- 
old woman who died of rupture (into a bronchus) of an aneurysm of a peripheral 
pulmonary artery in the lower lobe of the left lung. Henschen® in 1945 reported 
on a 31-year-old man who had suppurative disease of the lung, concerning whom 
the clinical diagnosis of multiple peripheral dissecting aneurysms and arterioscle- 
rosis of the pulmonary artery had been made. 

There have been many reports of cases in which definite dilatation of the 
pulmonary artery was present, but without evidence of a destructive process 
of the wall of the vessel. Such lesions could not be classified as aneurysms. 
Among the cardiovascular conditions causing dilatation of the pulmonary artery 
are mitral stenosis, primary pulmonary arteriolosclerosis,? and certain congenital 
anomalies. These latter should include particularly (1) interauricular septal 
defect, (2) patent ductus arteriosus, (3) Lutembacher’s complex (interauricular 
septal defect and mitral stenosis), (4) Eisenmenger’s complex (the tetralogy of 
Fallot in which a dilatation rather than stenosis of the pulmonary artery is 
present), and (5) unequal division of the truncus arteriosus (the ‘‘grosse pul- 
monaire—petite aorte” of Laubry).‘*** In Table V we have outlined the causes 
of pulmonary arterial dilatation. On reviewing the cases of proved aneurysms, 
one notes that on the basis of the nature of the underlying lesion, many of the 
atheromatous aneurysms developed after simple dilatation. This subtle trans- 
formation of simple dilatation to actual aneurysm frequently has made it im- 
possible to classify accurately cases in which a clinical diagnosis alone had been 
made. We felt, therefore, that it was imperative to accept only cases in which 
the condition had been proved at necropsy if any significant statistical analysis 
was to be made. 

Excluded because of simple dilatation are two cases of Wilks'®® (1860). 

The case of Crouzon and Grenaudier'® (1922) is omitted because the fusi- 
form dilatation was secondary to pressure from tuberculous nodes in the medias- 
tinum. 

McGinn and White,® in their review of twenty-four cases of interauricular 
septal defect, mentioned the marked degree of dilatation of the pulmonary 
artery seen in some of these patients. Cossio and Arana! (1937), in discussing 
the same lesion, reported three cases in which dilatation was present. Laubry 
and Routier®! in 1941 presented data concerning thirty-nine patients personally 
seen by them who showed the same syndrome as that of interauricular septal 
defect. Their failure to find a defect in seven of the eight patients who came 
to necropsy led them to consider malposition of the septum in the fetal truncus 
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TABLE V2 OUTLINE oF CAUSES OF DILATATION OF THE PULMONARY ARTERY 


Congenital cardiovascular anomalies 

A. Simple interauricular septal defects 
B. Patent ductus arteriosus 
C. Unequal division of the truncus arteriosus communis 

(‘‘grosse pulmonaire-petite aorte”’ of Laubry) 

I). Lutembacher’s complex (mitral stenosis and interauricular septal defect) 
E. Eisenmenger’s complex of the tetralogy of Fallot 
F. Congenital malformation of the arterial wall 


Acquired pulmonary hypertension 
A. Extravascular 

1. Pulmonary fibrosis 
2. Infarction 
3. Emphysema 
4. Benign and malignant tumors of the lung or mediastinum 
5. Mediastinal lymphadenopathy 
6. Pressure from aortic aneurysm 


B. Intravascular 
1. Mitral stenosis 
2. Primary pulmonary arteriolosclerosis (Ayerza) 
3. Obliterative pulmonary arteriosclerosis 
4. Aortopulmonary fistula 
5. Peripheral and pulmonary arteriovenous fistula 
6. Pulmonary embolism 


III. Destructive processes of the arterial wall 
1. Syphilitic 
Tuberculous (Rasmussen) 
Mycotic 


2 

3 

4. Atheromatous 
5. Traumatic 


Idiopathic 


arteriosus as the etiological factor. Such a dilated pulmonary artery and hypo- 
plastic aorta they described as “‘grosse pulmonaire—petite aorte.’”* We recently 
ligated a patent ductus arteriosus in a girl of 15 years who apparently had this 
anomaly of the great vessels. Additional cases have been reported by Lenégre 
and associates,” Routier and Heim de Balsac,*® and Soulie and associates.” 
Eight cases of idiopathic dilatation were described by Oppenheimer.®* Three of 
the patients concerned came to post-mortem examination, but aneurysmal 
changes were not recorded. Rundles® in 1945 described the clinical progress of 
a 56-year-old man who had congenital multiple hemorrhagic telangiectasia. He 
was believed to have such a lesion in the right lung, and a dilated pulmonary 
trunk extending from the area to the hilum was referred to as an aneurysm. 


A child mentioned by Gibson*‘in 1946 had huge dilatation of the pulmonary 
trunk and branches as a result of primary proliferative arteriolosclerosis. No 
pathologic changes of the main vessel were noted, however. 

Equally difficult to separate into distinct categories are certain cases of syphi- 
litic arteritis. Although the pulmonary artery is relatively resistant to this 
disease, when it is affected an inflammatory destructive lesion of the vessel 
results. In strict accordance with our criteria, even minimal dilatation in any 
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case of syphilitic pulmonary arteritis could be classified as aneurysmal, yet we 
have arbitrarily demanded that moderate alteration of the gross characteristics 
of such vessels be present before we have added them to the list. Consequently, 
if permanent dilatation is sufficient, the eleven cases of Karsner* (1933) may be 
admitted, but of these the lesion in only three was sharply localized. Of the 
twelve cases of Laubry and Thomas” (1927), only five were described as involving 
aneurysmal changes. In Brenner’s* comprehensive review of diseases of the 
pulmonary artery, syphilitic aneurysm was not common. The relatively low 
pulmonary arterial pressure and large amount of elastic tissue permit more 
microscopic changes without gross alteration than are seen in the aorta. Further- 
more, where both vessels have been involved, death from the aortic aneurysm 
occurred in some cases before aneurysm developed in the pulmonary vessel. 
Although Posselt7* showed the definite relationship of syphilis to pulmonary 
aneurysm, the view of Warthin'! that practically all pulmonary aneurysms 
are caused by syphilis has been discredited by the studies of Peck,” Karsner,* 
D’Aunoy and von Haam,!* and Boyd and McGavack.’ In our series of thirty-six 
cases, syphilis was a possible factor in fourteen (39 per cent), with positive re- 
sults of serologic studies reported in but ten patients. Similarly, Boyd and 
McGavack found that syphilis played a possible role in 31.7 per cent of their 
139 cases. 

A final group of more than twenty cases unfortunately had to be omitted 
from consideration in the present paper because they were merely mentioned 
by an author and we were unable to obtain sufficient data to confirm the con- 
dition. Romberg’s two cases of atheromatous fusiform dilatation of the pul- 
monary artery were reported briefly by Krzyszkowski*® in 1902. Hamilton and 
Abbott*! in 1914 mentioned a case of Gauchery. Nikolaiew® in 1918 simply 
mentioned one of the two cases in his series of aneurysms. In their report 
Laubry and Parvu®® in 1920 referred to Variot’s several instances of dilated 
pulmonary artery as seen in children who had interventricular septal defects, 
and to Coyon’s case from Trousseau Hospital in which the pulmonary artery 
had a diameter twice that of the aorta. Reference to a case of aneurysm of the 
main pulmonary trunk was made by Pissot” in 1920 in her thesis. Thomas®* in 
1927 had for his subject acquired lesions of the pulmonary artery, and he reported 
a case of aneurysm. We were unable to find the reports of Desclin (1931) or of 
Vaquez and Lecomte (1918), both referred to by Gonzalez-Sabathié** (1933). 
Steinberg® in 1933 spoke of a patient seen by Salzer. Robb and Steinberg** 
mentioned briefly two patients who had what was diagnosed as aortic aneurysm 
and bronchiogenic carcinoma, respectively, in whom they demonstrated, by angi- 
ocardiography, marked dilatation of the pulmonary artery. Laubry and Routier®! 
in 1941 tabulated two cases of Schreyer, and five of Kourilsky and Coli, in all of 
which dilatation of the pulmonary artery secondary to an interauricular septal 
defect was present. Pérez Simén™ in 1943 mentioned cases of Schutte (1938) 
and Pefia, both reported in Cuban medical literature. Camfedo" in 1943, in his 
report of a case, referred to three other patients in his care, all women. In none 
of his patients was the diagnosis confirmed by necropsy. 
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Hence, for one reason or another, we have excluded more than 150 cases 
considered as cases of aneurysms of the pulmonary artery because they did not 
conform to definite criteria. Reference should be made to the previous series of 
Henschen,** Posselt,’* Costa,'® and D’Aunoy and von Haam,!* as well as to the 
most recent comprehensive collection of a total series of 139 cases by Boyd and 
McGavack’ in 1939. We shall now present the salient data in thirty-six cases of 
aneurysm of the pulmonary artery verified by necropsy. A group of twenty-thiee 
~ases in which only a clinical diagnosis had been made is listed in Table IV. 
At the end of this section we shall present one case of our own. These data repre- 
sent a review of the literature up to September, 1946, exclusive of the series re- 
ported in 1939 by Boyd and McGavack. 

Both reviews then, represent a total of 198 cases, in 147 (thirty-six of this 
series) of which the diagnosis had been made at necropsy, and in fifty-one (twenty- 
three of this series) of which the diagnosis had been made by clinical methods and 
as yet unconfirmed by necropsy. The following statistical analysis will concern 
only those cases of our series in which the diagnosis was proved by post-mortem 
examination. 


CHARACTERISTICS OF ANEURYSM OF THE PULMONARY ARTERY, VERIFIED AT 
NECROPSY, AS REPORTED IN THE LITERATURE* 


Age and Sex of Patients—I\n the thirty-four cases in which the sex of the 
patient was noted, the relationship of eighteen men to sixteen women is similar 
to the 1:1 ratio as reported in a series of 108 cases mentioned by Boyd and 
McGavack.’? They pointed out the contrast in the sex distribution of aneurysm 
of the pulmonary artery in respect to that of aortic aneurysm, in which the ratio 
greatly favors the male. The average age in the present series was about three 
years more than that of the entire group studied by Boyd and McGavack. 
In the thirty-four cases in which the age was noted, we found men to average 
42.8 years and women to average 39.3 years. Of the tota! of 142 patients, com- 
posed of thirty-four from our series and 108 from the series of Boyd and Mc- 
Gavack in which age was mentioned, 30 per cent were less than 30 years of age, 
as compared with the 15 per cent of patients less than 30 years of age when 
aortic aneurysm is considered. 


Location and Type of Lesion.—There have been varying figures as to the 
prevalence with which the main trunk has been involved primarily. Costa'® said 
that such involvement occurred in 85 per cent of cases and Boyd and McGavack’ 
listed such involvement in 80 per cent of cases. In the thirty-six cases which we 
collected, the trunk was affected, with or without involvement of the major 
branches, in 89 per cent. In 8 per cent only the right branch was involved, and 
in 3 per cent the left branch was involved. It has been noted by others that 
the left branch was the site of aneurysmal dilatation more frequently than the 
right. The type of aneurysm could be determined in all thirty-six cases; it was 
fusiform in twenty-four and saccular in twelve. The resultant ratio of 2:1 in 


*Including the case we shall report herein. 
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favor of fusiform aneurysm is at variance with that in Boyd and McGavack's 
series, in which the ratio of fusiform to saccular aneurysms was 3:4. 


Ettological Factors.— 


Syphilis: There has been considerable controversy in the past as to the 
role syphilis plays in the formation of pulmonary aneurysm. Of the 139 cases 
previously reported by Boyd and McGavack,’ syphilis was a positive factor in 
31.7 per cent. In the thirty-six cases we collected, the authors indicated that 
syphilis had played a probable role in 39 per cent. This isin contradiction to the 
stand taken by Warthin'™ in 1917, who thought that in all the cases he had 
reviewed the lesion was due to syphilis. 


Congenital Defect: There seems little doubt that cardiovascular anomalies 
occur in cases of pulmonary aneurysm much more often than in a control group. 
The aneurysm was believed to have a congenital basis in 47 per cent (seventeen 
cases) of the thirty-six cases in the present series in which necropsy had been 
carried out. Although Boyd and McGavack’ found anomalies in 66 per cent 
of their cases, they considered such anomalies to be important in the etiology 
in 43.2 per cent of cases. In both the present series and that of Boyd and Mc- 
Gavack, by far more patients had a patent ductus arteriosus than had all the 
other defects together. We found it present in 21 per cent (seven of thirty-six 
cases) as compared with 23 per cent of the cases in the series studied by Boyd 
and McGavack. The next most common anomaly found at necropsy was inter- 
ventricular septal defect, which was present in four cases. Present in one case 
each were aortic hypoplasia, bicuspid pulmonary valves, and double branch of 
the subclavian artery. Since these anomalies were detected only at necropsy, 
it is reasonable to suppose similar Ifions to be present in those patients con- 
cerning whom the clinical diagnosis of aneurysm has been made. 


Mycotic Degeneration of the Wall of the Pulmonary Artery: This was found 
in four cases of aneurysm. In these cases the lesion was associated with either 
infected patent ductus arteriosus or subacute bacterial endocarditis with valvular 
vegetation. A much larger group of patients who had mycotic aneurysm was 
excluded from our study because the involvement was, as seen more commonly, 
in the secondary and peripheral branches, where the infected embolus is more 
likely to implant. Omitted also was a group of more than seventy-five cases of 
small aneurysms associated primarily with tuberculous cavities. 


Atheroma: Atheroma was mentioned as a significant observation in eleven 
necropsies. Such sclerosis appeared to be secondary to physiologic alterations 
of the pulmonary circuit. In three of these eleven instances there was marked 
arteriolosclerosis throughout the lungs, with right cardiac dilatation. In the 
case which we shall report herein, only the right pulmonary artery was involved, 
vet all the arterioles in both lungs exhibited moderately severe sclerosis. In 
several cases patchy atheromatous deterioration of the pulmonary artery was 
associated with patent ductus arteriosus or septal defect. 
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Trauma: Trauma plays a very questionable role, even though it was listed 
as a probable etiology in three of the 139 cases of Boyd and McGavack.’ In the 
case which we shall report there was a history of minor trauma to the chest. 
At necropsy, however, pulmonary atheroma and arteriolosclerosis, as well as a 
large patent ductus arteriosus, was found. The presence of these lesions dis- 
counts the probable role trauma played. 

On the basis of this analysis of the cases we have collected, it appears reason- 
able to state that in some instances it is difficult to be certain of the exact etiology, 
because a combination of the aforementioned conditions frequently is present. 
Of these, trauma seems to be the least common and least definite cause. 


Diagnosis.—Clinical data were available in thirty-five of the series we col- 
lected from the literature, and although in some of them the reports were brief 
or fragmentary, it has been possible to enumerate the signs, symptoms, and 
physical observations most commonly encountered in the group (Table V1). 

As in other series of cases, in the present series we found exertional dyspnea 
to be about the most common manifestation of aneurysm of the pulmonary 


TABLE VI. SiGNS AND SYMPTOMS AS RECORDED IN THIRTY-FIVE CASES OF ANEURYSM OF THI 
PULMONARY ARTERY FROM THE LITERATURE 


PRESENT PRESENT 
SYMPTOMS | IN CASES, | PER | SIGNS | IN CASES, PER 
NUMBER CENT | NUMBER CENT 


Dyspnea 24 | 69 | Murmur 
| —| Systolic 
Cyanosis 20 | 57 | Diastolic 


Edema 40 | Thrill 
Cough 37 | Heart enlarged 
— Right side 


Hemoptysis d | Entire heart 

Pain 


| Electrocardiogram 
Right axis deviation 
Normal 

Left bundle branch block 


Clubbing | 
Ascites 


Tachycardia Polycythemia 
Epistaxis | Anemia 


Underdevelopment Leucocytosis 


Scoliosis 3 | X-ray positive 
- | Anteroposterior projection, 
Fainting 3 |  orthodiagram, roentgenokymogram, | 
angiocardiogram, teleroentgeno- 

Fatigue | 3 | gram, tomogram, pneumomedias- 

-- | tinum 
Pulmonary edema 
Test for syphilis 

Positive 

Negative 
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-—— 
19 55 
3 8 
| 8 23 
22 63 
23 
3 
12 (75) 
3 
1 
6 17 
6 
2 6 
20 57 
10 29 
7 | 20 
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artery. Frequently associated with this were cough, often with hemoptysis, and 
some form of thoracic pain. This latter symptom varied in character and extent, 
but most commonly the pain was precordial, with occasional extension to the 
shoulder and down the arm. In a few instances in which the aneurysm had 
enlarged suddenly or ruptured, there was severe, sharp pain. Also encountered 
were sensations of fullness, suffocation, pressure, or tightness in the chest. Cya- 
nosis, although it was seen frequently, usually was a late development, occurring 
most often in the presence of congestive heart failure. Its early appearance 
usually was due to some congenital cardiac lesion which in itself causes cyanosis 
or to primary pulmonary arteriolosclerosis.2, Aneurysm infrequently causes 
clubbing of the fingers and toes, unlike pulmonary arteriovenous fistula.*” Fever, 
anemia, and leucocytosis generally are seen only in the presence of bacterial 
endarteritis. _Underdevelopment likewise is indicative generally of a patent 
ductus arteriosus. Edema and ascites are seen associated with failure of the 
right side of the heart. In no instance was hoarseness a symptom, in contrast 
aortic aneurysm. 

Among the most characteristic physical observations is the somewhat harsh 
systolic murmur heard in the second or third intercostal space at the left border 
of the sternum; this was audible in nineteen cases. In a few of these cases a 
separate diastolic murmur was present as well. A distinct thrill was noted in 
eight cases. In the fusiform type of aneurysm or that in which a sac has been 
obliterated by a thrombus, it might be expected that these findings would be 
absent. 

Enlargement of the heart would appear to depend on secondary factors 
such as pulmonary hypertension or cardiac decompensation. In the thirty-one 
cases in which mention was made of such an observation, enlargement involved 
the right side of the heart in 70 per cent, the entire heart in 25 per cent, and the 
left side of the heart in 5 per cent. In those hearts examined, dilatation was pre- 
dominant, indicating either that exertion of an effect on the size of the heart 
is late in the course of the disease or that the enlargement is due to compli- 
cating lesions. The fact that the right side of the heart is most commonly affected 
has been confirmed by the orthodiagram and bv the electrocardiogram. Of 
sixteen cases in which the electrocardiogram was recorded, there was right axis 
deviation in twelve (75 per cent). Three tracings were normal. Right bundle 
branch block was noted in two cases and left bundle branch block in one case. 

There were distinctly abnormal markings in the roentgenograms of many 
of the patients. They were described in some detail in twenty instances. Gener- 
ally, the lesion was revealed as a discrete, rounded shadow at the hilum, which 
by oblique view could be outlined beneath the arch and anterior to the aortic 
outline. Involvement of the latter was excluded with care, since aortic aneurysm 
is not uncommon. The vascular nature of the lesion was confirmed in most 
instances by roentgenoscopy, as in the case we shall report. The peculiar ex- 
pansile pulsation is transmitted through the lesser radicals of the pulmonary 
artery to result in what has been described as Pezzi's sign, or the characteristic 
“hilar dance.’’* It should be noted, however, that there have been instances of 
aneurysm of the pulmonary artery, confirmed by necropsy, in which no pulsation 
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had been seen at roentgenoscopy. An additional sign, the triangular cardiac 
shadow of Laubry and Bordet, has been described.** This distortion occurs when 
cardiac rotation results from the pulmonary dilatation, burying the apex in the 
diaphragm. These signs have been referred to primarily in French and Latin- 
American literature. Occasionally, other techniques have been employed to 
establish the diagnosis clinically. The roentgenokymogram was used in two 
cases to define the range of pulsation. The orthodiagram, teleroentgenogram, 
and tomogram also have been employed. 

The diagnosis in four cases, which we have not included in our group of 
patients who had proved aneurysm, was made clinically on the basis of angio- 
cardiography. In the case of Luisada and Sossai,"! pneumomediastinum was 
employed, in addition to arteriography with sodium iodide, to outline a saccular 
dilatation of the left pulmonary artery. In view of the syphilitic history of the 
patient, there is good presumptive evidence that this saccular dilatation was an 
aneurysm. Robb and Steinberg*® in 1940, in a description of the patients studied 
by their technique of.roentgenologic visualization of the heart and great vessels, 
mentioned two cases in which they had diagnosed the condition as aneurysm 
of the pulmonary artery. The lesions previously had been diagnosed as ‘‘aortic 
aneurysm” and “bronchiogenic carcinoma.’’ Thompson®® in 1941, conversely, 
employed an intravenous contrast medium to demonstrate pulmonary neoplasm 
and aortic aneurysm in two cases in which the condition had been diagnosed as 
“aneurysm of the pulmonary artery.”’ 

Stewart, Breimer, and Maier® in 1941 modified the method of Robb and 
Steinberg**-** in that a motion picture was made of the passage of the contrast 
medium through, first, the pulmonary circuit, and then, the left side of the heart 
and aorta as viewed on the roentgenoscopic screen. Of four patients studied 
in this way, one a 22-year-old man, was found to have an interventricular septal 
defect as well as irregular dilatation of the pulmonary artery. 

Although Carvalho and Moniz” (1931) pioneered in the use of pulmonary 
arteriography, it has been the recent improvements in angiocardiography that 
have increased the safety and accuracy of this method of cardiovascular diag- 
nosis.” Nevertheless, considerable uncertainty still exists in the 
clinical diagnosis of pulmonary aneurysm. 


REPORT OF A CASE 


This case is especially interesting because of the confusing history of the 
patient. The correct clinical diagnosis was confirmed by post-mortem exam- 
ination. 

A 37-year-old white man registered at the Mayo Clinic on Nov. 13, 1945, complaining of 
lymph nodes that had been ealarged since 1937. He brought with him a provisional diagnosis of 
lymphosarcoma of the Hodgkin type. 

History.—The patient had diphtheria at the age of 8 years. He had four attacks of pneu- 
monia, at the ages of 8, 13, 31, and 36 years. It had been said that he had leakage of the heart 
valves as a child. He had not had other diseases and had not undergone operation. In 1942, 
he had been struck in the right side of the chest with an airplane propeller blade. He had worked 
for a commercial airline company in Brazil from 1943 to 1945. 
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Condition Prior to the Time of Registration.—In 1937 an insidious cough, with some degree 
of hemoptysis, had developed. At the appearance of low, intermittent fever and generalized 
lymphadenopathy, he had been hospitalized for eleven weeks. Roentgen-ray treatments had 
been administered, with some symptomatic relief. Since February, 1945, the patient had ex- 
perienced bimonthly and trimonthly episodes of fever in which his temperature was as high 
as 101° F. (38.3° C.), accompanied by some degree of nausea, abdominal discomfort, and diarrhea. 
The liver of the patient was somewhat enlarged. Roentgenograms of his thorax had then re- 
vealed what were believed to be enlarged mediastinal lymph nodes. The patient again had 
received a series of deep irradiation treatments. In September, 1945, he had become increasingly 
weak. He had been subject to fleeting pains in the right side of the thorax, occasional epistaxis, 
and dyspnea. When lying on his left side he had noted a “‘strangling’’ sensation. If he became 
cold, he exhibited slight cyanosis. Otherwise, he complained of nothing significant. 


Physical Examination.—The blood pressure at systole was 110/74. Oral temperature was 
normal. At the time of the initial examination the patient did not have cyanosis, but did have 
it on subsequent occasions. Clubbing of the great toes was noted. Tenderness was present over 
the anterior wall of the thorax on the right, p’articularly near the sternum. There was definite 
lymphadenopathy of the cervical, axillary, and inguinal lymph nodes. Repeated examination 
of the heart revealed no murmurs, thrills, or enlargement. 


Laboratory Examinations.—The urine was entirely normal. Results of Kahn and Kline tests 
of the serum were negative. The value for hemoglobin was 16.0 grams per 100 c.c. of blood. 
Erythrocytes numbered 5,300,000 per cubic millimeter. Leucocytes amounted to 9,500 per cubic 
millimeter. The differential leucocyte count disclosed that 11 per cent were lymphocytes, 10 
per cent were monocytes, 72 per cent were polymorphonuclear leucocytes, and 7 per cent were 
eosinophils. Results of study of the sputum were negative for the organisms of tuberculosis and 
for pathogenic fungi. Results of Mantoux tests, in which purified protein derivative was used in 
two strengths, were negative in forty-eight hours. The test for hepatic function revealed no 
retention of dye. The sedimentation rate (Westergren) was 7 mm. in one hour. Result of the 
direct test for serum bilirubin was negative; result of the indirect test was 0.7 mg. per 100 cubic 
centimeters. An electrocardiogram made with three standard leads showed a rate of 58, sinus 
arrhythmia, slurred QRS complex in Leads I and III, right axis deviation, low T wave in Lead I, 
and inverted T wave in Leads II and III. 


Roentgenologic Examination.—On Nov. 14, 1945, stereoscopic anteroposterior roentgenograms 
revealed a well-defined mass in the right perihilar region. On Nov. 14 and 16, 1945, roentgeno- 
grams made with a Bucky diaphragm and in the anteroposterior and lateral projections showed 
this mass to contain calcium in the walls (Fig. 1, a and 6). The presence of a Ghon complex with 
fibrosis in the left third intercostal space anteriorly raised the question of tuberculoma, although 
dermoid tumor also was considered. On Nov. 19, 1945, by means of roentgenoscopic examina- 
tion, a slight but definite expansile pulsation of the mass in the right hilum was noted, and the 
diagnosis of aneurysm of the right pulmonary artery was made. 

To exclude the possibility that other hilar lesions may have contributed to the patient’s 
symptom complex, bronchoscopy was carried out on Nov. 21, 1945. No evidence of tumor was 
demonstrated thereby. The medial wall of the right main bronchus at the level of the hyparterial 
bronchi of the right lung pulsated much more than is seen normally. The question of the pres- 
ence of an arteriovenous aneurysm of the lung was raised. Consequently, additional studies 


were made. 

On Nov. 23, 1945, a tomogram of the right hilar region delineated an aneurysmal sac, with 
calcification of the walls (Fig. 2,a). No outpocketings were observed. Oxygen saturation studies 
were performed: the arterial blood was found to be 91 per cent saturated; venous blood was shown 
to be 47.6 per cent saturated; the oxygen capacity was 23.5 volumes per cent. 


Treatment.—It was hoped that ligation of the right pulmonary artery could be performed 
close to the trunk, so that the aneurysm, which appeared to be the size of a small orange in roent- 
genograms, might thus be removed. In this event, pneumonectomy naturally would follow. 
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The situation was discussed with the patient. He decided to allow an attempt to remove the 
aneurysm surgically. 

On Nov. 29, 1945, after three days of preparation of the patient in the hospital with rest 
and intramuscular injection of 120,000 units of penicillin daily, exploratory thoracotomy was per- 
formed with the patient anesthetized with ether-oxygen administered by the closed system. 
The aneurysm was found to involve the right pulmonary artery and to extend into the pericardial 
space, as well as to that branch of the pulmonary artery supplying the lower lobe of the right lung. 
The extremely atheromatous calcification of the walls of the artery precluded further surgical 
manipulation. After 500 c.c. of whole citrated blood had been transfused, the patient was 
returned to his room in good condition. He was placed in an oxygen tent and was restricted in the 
intake of water by mouth postanesthetically. Penicillin was administered in the same dosage 


Fig. 3.—Heart and right lung. The aneurysm has been cut open to reveal the split in the atheromatous 
wall. 


that had been used preoperatively. On Nov. 30, 1945, coarse rales and rhonchi and a high degree 
of cyanosis developed, even though the patient had been kept in the oxygen tent. A roentgeno- 
gram of the thorax made with a portable machine showed congestion and slight enlargement of 
the aneurysm (Fig. 2, 6). In the hope of clearing the patient’s airways, bronchoscopy was carried 
out on Nov. 30, 1945. There was almost no secretion to be aspirated, but marked gastric retention 
had occurred. The patient’s pronounced cyanosis could be only partly relieved by the inhalation 
of 100 per cent oxygen. His condition remained about the same until early on Dec. 2, 1945, 
when a sudden increase in pulse rate and respiratory difficulty developed. A cardiac stimulant 
(cedilanid) was administered, but the patient rapidly died from respiratory failure. 
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Fig. 4.—Heart and great vessels: a, marked hypertrophy of the wall of the right ventricle and the 
atheromatous plaques of the pulmonary arterial wall; a probe marks the mouth of the patent ductus 
arteriosus; b, the opening of the ductus arteriosus into the aorta is clearly visible 


Pathologic Examination.—Pathologic examination was performed on Dec. 2, 1945. The 
body was somewhat emaciated, with clubbing of the great toes and cyanosis of the lips and nail 
beds. The thorax contained 200 c.c. of a serosanguineous effusion in the right pleural space as a 
result of the recent surgical intervention. The pericardial cavity contained 7 c.c. of yellow fluid. 
The thymus gland was atrophic. In the heart, marked hypertrophy of the right auricle and ven- 
tricle was noted, ihe left side being normal. The foramen ovale was closed. A saccular aneurysm 
of the right pulmonary artery, 3 by 7 cm., was found (Fig. 3). The walls of the vessel were af- 
fected by a marked degree of sclerosis with calcification. An incomplete longitudinal split, 2.5 
by 0.5 cm., involved the tunica intima. The left pulmonary artery was normal. The aorta 
exhibited slight sclerosis. There was a patent ductus arteriosus, 1 cm. in diameter (Fig. 4, a and 
b). There was mild sclerosis of the coronary arteries. The pulmonic valve measured 7.0 centi- 
meters. There was an anomalous double branch of the left subclavian artery. The right lung 
was affected by atelectasis of the lower lobe. A few minimal tuberculous lesions were seen in the 
upper lobe of the left lung. The spleen weighed 123 grams. The liver weighed 1,543 grams. 
The gastrointestinal tract was normal, as was the pancreas, which weighed 80 grams. Each 
kidney weighed about 135 grams; each was normal. The bladder contained slightly bloody urine. 

Microscopically, the right lung exhibited some evidence of bronchopneumonia and hemor- 
rhagic edema. The upper lobe of the left lung had been affected by old fibrocaseous tuberculosis. 
Throughout both lungs, rather marked arteriolosclerosis was present, with many of the small 
vessels completely occluded or hyalinized. 
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COMMENT 


The cause of this patient's lymphadenepathy and fever remains unknown. 
Careful analysis of the history demonstrates the difficulty in definitely deter- 
mining the cause and duration of the aneurysm. We cannot say for certain what 
importance the patient’s repeated bouts of pneumonia, the ‘‘valvular’’ dis- 
turbance reported to have been present when he was a child (patent ductus 
arteriosus’), the injury to his chest, or the pulmonary arteriolosclerosis played 
in the etiology. Although the aneurysm may have developed in the patient’s 
childhood, or in 1937 when cough and hemoptysis developed, it is also possible 
that the actual saccular enlargement did not occur until September, 1945. The 
late symptoms of pain in the right side of the thorax, dyspnea, and cyanosis 
would support such a view. Except for the electrocardiographic finding of right 
axis deviation, the significant laboratory observations were essentially those of 
the roentgenologic examinations. The description of a discrete rounded shadow 
in the perihilar region, distinct from the aortic silhouette, with calcified wall 
and a definite pulsatile character, agrees admirably with the usual description of 
aneurysm of the pulmonary artery. 

Some nonpulsatile calcified tumors of this region which may be confused 
with aneurysm of the pulmonary artery are tuberculoma, abscess associated with 
Pott’s disease, the hilar lymph nodes in the presence of tuberculosis or histo- 
plasmosis, dermoid tumors, and substernal goiter. When both pulsation and 
calcification are absent, the diagnostician must keep in mind the possibilities of 


primary carcinoma of the lung, adenoma, mediastinal abscess or lymphade- 
nopathy, lymphosarcoma, thymoma, and cysts of the mediastinum, lung, or 
pericardium, but it must also be remembered that pulmonary aneurysm has 
occurred unaccompanied by either pulsation or calcification. 


The cause of death in the presence of aneurysm of the pulmonary artery 
is, most commonly, heart failure or rupture of the aneurysm. In this series of 
thirty-six cases, only four deaths were caused by rupture; two aneurysms rup- 
tured into the pericardial space and two ruptured into a bronchus 

Since aneurysm of the thoracic aorta may most easily be confused with 
aneurysm of the pulmonary artery because of the general similarity of situation 
and frequent presence of calcification and pulsation associated with both con- 
ditions, we wish to point out some significant differences between the two. It 
has been determined, on the basis of a series of 160,000 necropsies, that the 
incidence of thoracic aortic aneurysm as encountered at necropsy will range from 
1:200 in Germany to 1:40 in some parts of the United States. At the Mayo 
Clinic, the ratio has been about 1:140 as compared to a ratio for pulmonary 
aneurysm of 1:17,545.°5 Groedel*® has estimated that one pulmonary aneurysm 
occurs to 250 aneurysms of the aorta. We have seen that the average age of the 
patient is greater in the presence of aortic aneurysm than in aneurysm of the 
pulmonary artery, since about 85 per cent of patients who have aortic aneurysm 
are older than thirty years. The incidence according to sex also differs.” In 
the case of the thoracic aorta, aneurysms have occurred in the white race in the 
ratio of four males to one female, whereas in the Negro, this ratio is increased to 
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8:1. It is common knowledge that more Negroes than white people have such 
aortic aneurysms. The known increased incidence of syphilis among Negroes 
may account for the greater incidence of aortic aneurysms among them. When 
pulmonary aneurysm is considered, on the other hand, it is found that the inci- 
dence of aneurysm of the pulmonary artery according to sex is equal. There 
were only two Negroes in the thirty-six cases we have collected. Syphilis has 
been said to cause up to 95 per cent of aneurysms of the thoracic aorta, whereas 
syphilis was definitely proved to exist in only about a third of the aneurysms of 
the pulmonary artery. These significant differences would suggest that some 
difference in physiologic mechanisms of production was active in the two lesions. 


SUMMARY 


An analysis has been presented of a series of thirty-six cases of aneurysm 
of the pulmonary artery, proved by necropsy and collected from the literature. 
The addition of this group to the 111 cases proved at necropsy and reported by 
Boyd and McGavack’ in 1939 brings the total number of authentic cases to 147. 
The advisability of omitting cases in which only the clinical diagnosis has been 
made is pointed out. The facts that the incidence according to sex is the same 
and that the patients concerned are relatively younger help to distinguish this 
type of aneurysm from that of the thoracic aorta. Although syphilis was a 
definite factor in more than a third of the cases, congenital cardiovascular anoma- 
lies also play a major role. A patent ductus arteriosus is present in more than 


20 per cent of cases. Other less common causes are subacute bacterial endarter- 


itis, atheroma, and trauma. 

The early symptoms are dyspnea, cough, and pain in the thorax. Cyanosis 
and edema usually are later manifestations, often dependent on cardiac failure 
or congenital anomalies. The heart, especially the right ventricle, frequently 
is enlarged. Right axis deviation is common in the electrocardiogram. Most 
significant is the roentgenologic and roentgenoscopic finding of a discrete pulsatile 
hilar mass, separate from the aortic shadow. Usually, no special means of 
examination is necessary as a supplement to roentgenoscopy, although tomog- 
raphy, arteriography, roentgenokymography, and pneumomediastinum have 
been employed. 

A detailed report of a case is presented. The condition of the patient was 
interesting in that the clinical diagnosis was confirmed by necropsy. There 
were a patent ductus arteriosus, atheroma of the right pulmonary artery, and 
bilateral pulmonary arteriolosclerosis, as well as a history of trauma. Surgical 
cure by ligation of the right pulmonary artery and pneumonectomy was prevented 
by the extent of the aneurysm and the atheromatous calcification of the vessel 
concerned. 
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BLOCKED (NONCONDUCTED) A-V NODAL PREMATURE SYSTOLES 
IMITATING FIRST AND SECOND DEGREE A-V BLOCK 


R. LANGENDOoRF, M.D., AND J. S. MEHLMAN, M.D. 
CHICAGO, ILL. 


LOCKED, or more accurately, nonconducted premature systoles of auricular 

origin are of common occurrence. It is to be expected that premature 
impulses originating in the A-V node early in diastole may also find the conducting 
tissues between the site of origin of the ectopic impulse and the ventricles in a 
refractory state and, therefore, may not be conducted. Since the A-V nodal 
impulse normally may be conducted in two directions, backward to the auricles 
and forward to the ventricles, block of a nodal impulse may lead to the failure 
of (a) an auricular response (Fig. 4,4), (b) a ventricular response (Fig. 4,B), 
or (c) both an auricular and ventricular response (Fig. 4,C). Furthermore, such 
blocked or nonconducted premature A-V nodal impulses can be expected to 
exert an effect on the conduction of the subsequent sinus impulse, since the 
premature impulse would be propagated within the conducting tissues before 
being blocked or interfering with the sinus impulse. It will be shown that the 
effect of such concealed conduction within the A-V junction upon the subsequent 
sinus impulse may represent the only evidence of a blocked A-V nodal premature 
systole (Fig. 4,C and 4,D). 

The following two cases are presented to illustrate the peculiar disturbances 
of cardiac rhythm caused by nonconducted A-V nodal premature systoles. 


CasE 1.—The record illustrated in Fig. 1 was obtained on a 19-year-old 
white soldier in excellent health, on whom an electrocardiogram was taken to 
determine the mechanism of his pulse irregularity. A slight sinus arrhythmia is 
present, the distance between two upright P waves varying less than 0.08 second. 
It can be seen that whenever a lengthening of the R-R interval occurs, a prema- 
ture P wave precedes the ventricular pause. These premature P waves (marked 
P; to P¢) are all inverted; they seem to differ in contour because they are super- 
imposed on different portions of the S-T-T complex of the preceding sinus beat. 
Pe, Ps, and P¢ occurring late in diastole are followed by a ventricular complex 
identical with that of the sinus beats; P; and P;, occurring much earlier, are 
not followed by a ventricular response. P3, although occurring even earlier than 
P, and P;, is followed by a ventricular complex with aberrant conduction. 


From the Cardiovascular Department, Michael Reese Hospital. 
Aided by the Herbert G. Mayer Fund for Cardiovascular Research. 
The department is supported in part by the Michael Reese Research Foundation. 
Received for publication Noy. 21, 1946. 
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The P-R intervals of the premature impulses of P2, Ps, and Pg measure 0.12 second 
as compared to the P-R of 0.17 second of the sinus beats. This fact and the 
retrograde contour of the P wave (Leads I and III which are not reproduced 
show small upright and deeply inverted premature P waves, respectively) justify 
a diagnosis of A-V nodal rather than auricular premature systoles; the premature 
systoles are most likely all from the same focus. For that reason, P; and P; 
represent premature systoles of A-V nodal origin conducted in a retrograde 
fashion to the auricles but not conducted to the ventricles. The impulse of Ps 
shows a prolonged P-R interval (0.22 second) as a result of delayed forward con- 
duction and a prolonged QRS (0.13 second) as a result of imcomplete recovery 
of the fibers responsible for intraventricular conduction. 


Fig. 1.—Blocked A-V nodal premature systoles imitating blocked auricular premature systoles. 
Discussed in text. 


The great variations in the coupling of the premature P waves to the pre- 
ceding sinus beats with only slight variations of the P-P intervals of the extra- 
systolic beats suggest a parasytolic pacemaker. Exactly even spacing of the 
extrasystolic P waves cannot be expected since the length of the extrasystolic 
P-P intervals is expected to vary with variations of the retrograde conduction 


time. 

The impulse of P 3 is conducted to the ventricles, although it occurs apparently 
earlier in diastole than the nonconducted impulse of P; and P;. Unfortunately 
the available material was insufficient to allow a conclusion as to whether the 
phenomenon was indicative of a supernormal phase of conduction or of varying 
retrograde conduction. 


CasE 2.—The records presented in Figs. 2 and 3 were taken on a 44-year-old 
white man who had experienced several attacks of aching retrosternal pain, 
occurring with strenuous exertion, in the past two and one-half years. A cardiac 
irregularity had been discovered at about the time of the first such episode. 
About six months before these records were taken, the patient suffered a sudden 
loss of consciousness for about two minutes, attributed to bending over and lift- 
ing a heavy object. The only other complaint was of palpitation, not related to 
pain. There were no abnormal physical findings except for the cardiac ar- 
rhythmia. The circulation time and vital capacity were within normal limits. 
Carotid sinus stimulation, quinidine sulfate, and atropine medication were all 
ineffective in altering the rhythm. An electrocardiogram after a Master ‘‘two- 
step” test showed no changes in S-T-T contour. With increase in the heart rate 
to 125 per minute immediately after exercise, the premature systoles disappeared, 
but recurred two minutes later when the rate had fallen to 111 per minute. No 
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definite objective evidence of heart disease was discovered, and the patient’s 
symptoms were thought to be in some manner related to the arrhythmia. 


Fig. 2,A (Lead I) shows frequent premature systoles and, in addition, on 
two occasions a sinus P wave (marked P) which is not followed by a ventricular 
complex; there is no apparent disturbance preceding these sinus P waves to account 
for a failure of a ventricular response. Except for the very last beat which has 
a contour similar to that of the sinus beats all premature beats have a bizarre 
contour. They are not preceded by premature P waves. Variations in the pre- 
ceding T wave which might suggest a superimposed premature P are due to a 
postextrasystolic change in contour of T. The coupling of those premature 
beats having bizarre ventricular complexes is fixed and is shorter than that of the 
premature systole having a nearly normal contour. At first, one might be in- 
clined to assume that there are two types of premature systoles, ventricular and 
A-V nodal in origin, and, in addition, two instances of the rare type of A-V block 
characterized by ‘‘dropped beats”? without the Wenckebach phenomenon. How- 
ever, analysis of the other records (Figs. 2,B-E and 3) reveals that we are actually 
dealing with different manifestations of the same disturbance; namely A-V nodal 
premature systoles. 

Fig. 2,E (Lead I, obtained several days after Fig. 2,A ) shows further evidence 
for the occurrence of premature systoles of supraventricular contour. (The 
sinus P wave falling at the end of QRS of the premature beat should not be 
mistaken for a part of a widened QRS complex.) The third and fourth premature 
beats are followed by A-V nodal escapes (labelled F). 


Fig. 2,B (Lead II, continuous strip; the last beat of the upper strip is re- 
peated in the lower strip) shows on seven occasions a ventricular pause which is 
not preceded by a premature ventricular complex. The P wave, which occurs 
during the first portion of the long R-R interval and is not followed by a ventricular 
complex, can be identified in five instances as the sinus P wave occurring at the 
expected time and having the normal contour. In the two remaining instances 
(marked P; and P2) P is inverted and perhaps slightly premature. These P 
Waves are due to an ectopic impulse which is not conducted to the ventricles, or 
to fusion of such an impulse with the sinus impulse. The occurrence of A-V 
nodal premature systoles in other parts of the record would suggest that we are 
dealing not with blocked auricular but rather with blocked A-V nodal premature 
systoles with retrograde conduction (see Case 1). This is substantiated by the 
fact that an auricular premature impulse occurring as late in diastole as that of 
P,; and P, would be expected to be conducted to the ventricles. The two in- 
stances where the sinus P wave is not followed by a ventricular complex, imitat- 
ing a “dropped beat’’, and the analogous disturbances in Figs. 2,A, 2,C, and 
2,D, can also be explained by the occurrence of A-V nodal premature systoles: 
Here, the sinus impulse giving rise to the ‘“‘blocked’’ P wave interferes with a 
blocked A-V nodal premature systole (Fig. 4,C). The latte: is actually blocked 
either in both directions or blocked only in a forward direction, whereas the 
retrograde impulse is prevented from invading the auricles by the interference 


of the normal sinus impulse. 
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Fig. 2,C (Lead Il) shows a P (marked F) which by its contour suggests a 
fusion of the sinus impulse with the retrograde impulse of the blocked A-V 
nodal premature systole; the same mechanism may account for the contour 


of P, in Fig. 2,B. 


Fig. 4.— Diagram to illustrate the disturbance which can be caused by A-V nodal premature systoles. 
The conventions are those used customarily. A-V represents the spread of the impulse through the 
A-V junction between the auricles (A) and the ventricles (V). Blockage of an impulse is indicated by 
short lines at right angles to the oblique lines representing the impulse spread. The dashed line in A 
indicates aberrant conduction. 

Segment A shows a nodal premature systole with aberrant conduction (imitating a ventricular 
premature systole). The retrograde nodal impulse is blocked before reaching the auricles. 

Segment B shows a nodal premature systole with forward block (imitating a blocked auricular pre- 
mature systole). The retrograde impulse interferes with the sinus impulse within the auricles, giving 
rise to a fusion P wave in the electrocardiogram. 

Segment C shows a nodal premature systole with both forward and retrograde block 
second degree A-V block). 

Segment D shows a nodal premature systole blocked (in both directions) and interpolated (imi- 
tating first degree A-V block). 
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This analysis of nonconducted sinus P waves as a result of blocked A-V nodal 
premature systoles with concealed conduction within the A-V junction is sub- 
stantiated by another important detail. The two beats labelled E,; and Ez, in 
the lower strip of Fig. 2,B are A-V nodal escapes, yet E; occurs at an R-R distance 
(R-E;) which is much shorter than that of E, (R-E:). This apparent difference 
can be easily accounted for by the occurrence of a blocked A-V nodal premature 
impulse preceding Ez at a distance equal to R-E;. FE; follows the A-V nodal 
premature systole with aberrant conduction after the same time interval as E» 
follows an A-V nodal premature impulse, which, because of both forward and 
backward block, does not give rise to an electrocardiographic deflection. Another 
instance of an A-V nodal escape (labelled E) following a nodal premature systole 
with aberrant conduction is seen in Fig. 2,D (Lead CF,). It follows the pre- 
mature beat after the same time interval that E; follows R in Fig. 2,B. 


Fig. 3 (Lead II) shows a phenomenon not seen in Fig. 2. On one occasion 
(P,) there is a sudden prolongation of the P-R interval from 0.18 second to 0.36 
second occurring without any change in the auricular rhythm. This can be ex- 
plained by the same disturbance as the “dropped beats” present in Fig. 2 and 
occurring on two occasions in Fig. 3 (P; and P;). A blocked premature A-V 
nodal impulse is responsible for the delayed conduction to the ventricles of the 
subsequent sinus impulse (P;); since the latter is only delayed, but not entirely 
blocked, this is an example of a blocked and interpolated A-V nodal premature 
systole (Fig. 4,D). A slight prolongation of P-R of the beat subsequent to the 
impulse of P; (Fig. 3) is explained by the occurrence of the sinus impulse earlier 
in diastole of the preceding beat. 


SUMMARY AND CONCLUSIONS 


1. Two cases are reported with electrocardiographic evidence of blocked 
(nonconducted) premature systoles of A-V nodal origin occurring in individuals 
without definite evidence of cardiac disease. 

a. In Case 1 only forward conduction of the premature systoles is blocked 
whereas retrograde conduction is preserved. The diagnosis of blocked A-V 
nodal premature systoles is based on the retrograde contour of the premature 
blocked P waves and on the occurrence in the same record of typical conducted 
A-V nodal premature systoles with a shortened P-R interval. An A-V nodal 
premature systole with aberrant ventricular conduction presents a transition 
between the normally conducted nodal premature systole and that with forward 
block. Measurements of the coupling of the premature systoles and of the 
interextrasystolic P-P intervals suggest A-V nodal parasystole as the mechanism 
of the extrasystolic disturbance. 


b. In Case 2, A-V nodal premature systoles occur with block not only of 
forward conduction but also of retrograde conduction. Such blocked A-V 
nodal premature systoles can only be recognized by their effect on the sub- 
sequent sinus impulse. They lead either to a sudden P-R prolongation which 
cannot be accounted for by any other disturbance, or to a “dropped beat”’ 
without the usual preceding increase of the P-R interval. The former constitutes 
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a blocked and interpolated A-V nodal premature systole, hitherto undescribed 
in the human heart. The diagnosis of A-V nodal premature systoles blocked in 
both directions is based on the occurrence in the same record of typical A-V 
nodal premature systoles and of blocked premature P waves of retrograde con- 
tour. This analysis is substantiated by the presence of A-V nodal escapes, 
occurring with an apparent delay when they follow a ‘‘dropped beat.” 

2. A-V nodal premature systoles with retrograde conduction and forward 
block imitate blocked auricular premature systoles (Case 1). 

3. A-V nodal premature systoles which are blocked in both directions imitate 
first degree or second degree A-V block (Case 2). 

4. The disturbance caused by blocked A-V nodal premature systoles is 
further evidence of the effect of blocked impulses on the conduction of subsequent 
impulses.' 

We are indebted to Dr. D. A. Nathan of Miami Beach for his kindness in permitting us to 
use Case 1. We are also indebted to Dr. L. N. Katz for his criticisms. 
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CHANGES IN CARDIAC VIBRATIONAL INTENSITY IN RESPONSE 
TO PHYSIOLOGIC STRESS 


Joun H. Foutcer, M.D., E. Situ, JR., M.A., 
AND ALLAN J. FLEMING, M.D. 
WILMINGTON, DEL. 


HE heart and adjacent aorta, in rhythmic contraction, relaxation, and move- 

ment within the thorax, continuously emit vibrational energy which can be 
detected and measured at the chest wall. This energy is distributed over a wide 
range of frequencies, including those audible vibrations termed the ‘‘heart sounds,” 
but the major portion lies in frequencies below audible range. Rappaport and 
Sprague! point out that the intensity of low frequency vibrations picked up 
at the chest wall may be 10,000 times as great as that of the minimum audible 
vibrations (clinical ‘“‘heart sounds’’). 

The low frequency vibrations associated with heart action have been neg- 
lected in clinical research. Kountz and Wright,’ studying cardiac vibrations 
with a cathode ray oscilloscope, noted that “low frequency systolic and diastolic 
waves developed under both clinical and experimental conditions and sug- 
gested . . . disordered cardiac function.”’ In focusing attention on ‘‘disordered 
cardiac function,’’ they overlooked the fundamental significance of these waves. 

Research on cardiac vibrations, conducted in this laboratory for some five 
years by a number of experimental methods, has shown that low frequency 
vibrations are always produced in the cardiac cycle and that variations in fre- 
quency and particularly in the distribution of intensity over frequencies in 
these vibrations may be a valuable index of the response of the heart to phys- 
iologic loads placed on the total organism. 


METHODS 


The research program has necessarily been highly technical, employing a 
number of different methods of recording and analyzing heart vibrational in- 
tensity. Because we have studied a range of frequencies much lower than those 
usually considered, it has been necessary to examine the properties of several 
recording systems and to select those best suited to our immediate purpose, or 
to devise new apparatus. The principal methods of research have been: 


Method A.—Spectra of cardiac vibrations were recorded by a frequency 
analyzer, used in conjunction with a Graphic Level Recorder.* The combined 


From the Haskell Laboratory of Industrial Toxicology. 
Reccived for publication Dec. 11, 1946. 
*The frequency analyzer and the Graphic Level Recorder were made by Electrical Products Re- 
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apparatus traces vibrations at frequencies up to 10,000 cycles, the amplitude of 
the record being expressed in decibels. The cardiac vibrations are picked up 
at the chest wall by a dynamic microphone supplied with the apparatus. 

This equipment was intended for routine measurements at frequencies much 
higher than those with which we are dealing. A check of the “‘linearity’’ of the 
recording apparatus shows complete loss of energy from 0 to 6 cycles per second, 
and marked loss between 6 and 18 cycles per second. This loss might be greater 
when the microphone is in the system. 


Since, in making the tracing, the analyzer automatically scans the frequency 
range employed, the final record covers a number of cardiac cycles. 


To simplify a study of records, the tracings obtained were integrated over 
six-cycle bands, using a photoelectric integrator specially designed for the pur- 
pose. The range of frequencies usually studied was 6 to 96 cycles per second. 


Method B.—‘‘Linear”’ records of human cardiac vibrations were made with 
the Sanborn Cardiette,* and the special sphygmograph attachment described by 
Rappaport and Sprague.' This attachment operates on the electrocardiograph 
channel. The conventional ‘‘heart sounds’’ were recorded simultaneously 
as an index of the duration of heart cycles. This apparatus gives tracings which 
are “‘linear’’ with respect to intensity from 0 to 50 cycles per second. 


The photographic records obtained by this method were enlarged and care- 


fully measured, and analyzed mathematically by the procedures described by 
Stumpff.*++ Stumpff’s system of harmonic analysis was chosen because frequent 
checks and counterchecks allow one to make tedious analysis without error. 
This is important, for even when a mechanical calculator is used, analysis of a 
single cardiac cycle may take from one-half a day to two days, depending upon 
the number of harmonics one wishes to disclose. 


Method C.—Two simpler methods were devised for fol owing changes in 
energy distribution among low frequency cardiac vibrations. One, which we 
term the ‘‘differential heart sound meter,’’ was specially designed for routine 
work. Its operation does not require a high degree of skill. 


Using these procedures, human subjects were subjected to physiologic 
“stress” by tilting, or by the Master 2-step exercise.» Animals (dogs, rats, and 
guinea pigs) were exposed to chemicals which, by interfering with oxygen dis- 
tribution to tissues, had virtually the same effect as exercise, though a more 
drastic one. The animal experiments recorded here are all based on exposure to 
carbon monoxide. 


*Throughout this paper, the term “Sanborn Cardiette’’ refers to the special Sanborn Stetho- 
Cardiette with two channels 
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RESULTS 


Method A. Cardiac Vibration Spectra of Man and Laboratory Animals.— 


1. At Rest: Typical cardiac vibration spectra of man, dog, rat, and guinea 
pig at rest are shown in Fig. 1. Intensity in successive six-cycle bands between 
6 and 96 cycles per second is plotted as per cent of total intensity from 6 to 96 
cycles. The spectrum of man was made after ten minutes supine, since this 
position is most like the resting position of a four-legged animal, not requiring 
return of blood to the heart against gravity. 

The animals used had been well fed and housed, and were accustomed 
to the little manipulation needed for this work. 

For man and dog, the microphone was placed over the apex beat. For 
rat and guinea pig, it covered the whole heart. 

Because of deficient recording of intensity at frequencies below 20 cycles per 
second, these spectra show peaks which are overemphasized. Actually, the 
muximum intensity lies at frequencies below 20 cycles per second as will be shown 
by later records obtained from Method B. 

In the records obtained from man and dog, the major portion of intensity 
lies below 42 cycles per second. With an average heart rate of 84 per minute 
(1.4 cycles per second), this corresponds to the fundamental and harmonics up 
to the thirteenth. For rat and guinea pig, the major portion lies below 80 cycles 


per second. With an average heart rate of 200 per minute (3.3 cycles per second), 
this represents the fundamental and harmonics up to about the twenty-fourth. 


2. Changes of Cardiac Vibration Spectra of Humans When Subjected to 
Physiologic Stress: It is obviously unwise to expose humans deliberately to 
noxious agents if other means of imposing stress are available. In man, such 
other methods can be either passive changes in posture or exercise. In what 
we term a “‘tilt test,’’ our human subjects are placed supine on a stretcher held 
horizontal for five to ten minutes and then tilted to 45° from the horizontal with 
legsdown. Fig. 2 shows a series of spectra obtained from such a test. 

For convenience, the graphs indicate intensity distribution (per cent) 
above and below 42 cycles per second. Tilting immediately shifted intensity 
so that 37 per cent lay above 42 cycles, as compared with only 9 per cent in the 
control. Five minutes after tilting, 26 per cent was still above 42 cycles per 
second, indicating continuance of the physiologic load induced by the 45° position. 
Restoration to the horizontal was followed by a return almost to the control 
spectrum in five minutes. 

The “‘tilt test’’ is predominantly a passive one, the change from horizontal 
to tilt position requiring a return of blood to the heart against gravity unaided 
by active muscular movement. (A certain degree of muscular movement was 
involved since our tilt table was not ideally constructed to take all load off the 
leg muscles when the subject was in the tilted position.) 
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Fig. 1.—Typical distribution of cardiac vibrational intensity in man, dog, rat, and guinea pig, 
at rest. P= per cent of total intensity, 6 to 96 cycles per second, integrated over six cycle bands 
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Fig. 2.—Influence of posture on distribution of cardiac vibrational intensity in man. 
of total intensity, 6 to 96 cycles per second, integrated over six cycle bands. 
show distribution of total intensity about 42 cycles per second: 
2.5, and 5 minutes after tilting to 45°. 
—at 2.0, 3.5, and 5 minutes after return to horizontal. 
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Fig. 3 shows spectra on the same subject obtained by the Master 2-step 
test. The control position was sitting. The exercise took one and one-half 
minutes. The subject then sat down at once. Such a test involves, first, as- 
sumption of a fully vertical position, and second, active muscular movement. 
This may impose a greater load than the tilt test. After five minutes sitting, 
the cardiac vibration spectrum showed 11 per cent total intensity above 42 
cycles per second. At 0.4, 0.75, 2.25, 3.75, and 5 minutes after exercise, spectra 
(again taken in the sitting position) showed respectively 23, 37, 37, 31, and 26 
per cent above 42 cycles per second. The immediate result of the exercise plus 
postural change was a shift of intensity to higher frequencies. Restoration to the 
control spectrum was not complete in five minutes. 


3. The Effects of Anoxia Produced by Inhalation of Carbon Monoxide: 
Inhalation of carbon monoxide, converting hemoglobin to carboxyhemoglobin 
and thus reducing the oxygen-carrying capacity of the blood, leads to potentially 
the same results as exercise, since it demands greater minute uptake of oxygen to 
satisfy the tissues. 


Figs. 4, 5, and 6 show vibration spectra on a rat, a guinea pig, and two dogs 
(A and B), exposed to carbon monoxide. In each case, exposure resulted in a 
definite trend in the intensity-frequency distribution. The different response 
of the two dogs is interesting. Henderson and Haggard® state that ‘‘when the 
time of exposure is measured in hours and the concentrations of carbon monoxide 
are expressed in parts per million, the physiological effects may be roughly de- 


fined by the equation 


“Time x Concentration = 300—No perceptible effects 
“Time x Concentration = 600—A just perceptible effect 
“Time x Concentration = 900—Headache and nausea.”’ 


In our experiments, for Dog A, Time x Concentration = 900; while for Dog 
B, Time x concentration = 340. Yet, Dog A was unaffected by exposure so far 
as could be determined by ordinary methods of observation, and showed a 
movement of vibration intensity to higher frequencies, while Dog B was pros- 
trated by the exposure and showed a drastic shift of intensity to frequencies lower 
than in the control. The difference in response is quite probably due to the 
difference in the initial physiologic status of the two animals, A being quite well, 
while B was in poor condition and badly infested with worms. The immediate 
response of experimental animals or man to exposure to a toxic material depends 
definitely upon the physiologic condition in which the subject approaches the 
exposure. 

Despite the deficiencies of the apparatus, the experiments cited clearly show 
a shift of cardiac vibrational intensity over the frequency range in response to 
physiologic stress and a tendency to return to control conditions when the stress 
is removed. 
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Fig. 4.—Influence of carbon monoxide (1,000 parts per million for 60 minutes) on distribution of 
cardiac vibrational intensity of rat. P= percent of total intensity. 6 to 96 cycles per second, integrated 
over six cycle bands. Median frequency of control = 56 cycles per second. Graphs before and at 21 
and 175 minutes after exposure ended. Note shift to higher frequency 21 minutes after exposure fol 
lowed by depression below control distribution of intensity. 


514 
rs) 
20, 
50| 50 
0 20 40 60 80 1d0 
21 MIN 
10 | 90 
20 
0 
0 20 40 60 80 100 
20- 
70| 30 
0 
0 


FOULGER ET AL.: CHANGES IN CARDIAC VIBRATIONAL INTENSITY 


p 
CONTROL 50150 


20 40 60 


3 MIN 


100 


93/7 
20 40 +60 #100 


6 MIN 


40 60 #80 


143 MIN 


20 100 


100 
0 20 40 5. 60 80 


Fig. 5.—Influence of carbon monoxide (740 parts per million for 60 minutes) on distribution of 
cardiac vibrational intensity in guinea pig. P = per cent total intensity, 6 to 96 cycles per second, 
integrated over six cycle bands. Median frequency of control = 69 cycles per second. Graphs before 

nd at 3, 6, and 143 minutes after end of exposure. 
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Fig. 6.—Influence of carbon monoxide on distribution of cardiac vibrational intensity in two dogs 
P = per cent of total intensity, 6 to 96 cycles per second, integrated over six cycle bands. A, Before 
and immediately after 5 hours’ exposure to 180 parts per million carbon monoxide. B, Before and 28 
minutes after 32 minutes’ exposure to 680 parts per million carbon monoxide. Numerals at top of graplis 


show partition of intensity about 34 cycles per second. 
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Method B. Analysis of ‘‘Linear’’ Records Made on the Sanborn Cardiette.— 
Rappaport and Sprague! describe a special attachment for the Sanborn Cardiette 
with which “‘linear’’ records of cardiac vibrations can be made on the electro- 
cardiograph channel. By the use of this equipment, it is possible to record the 
frequency region of 0 to 20 cycles, which is defective in the apparatus used in 
Method A. In recording heart vibrations with the Sanborn apparatus, we have 
used the conventional ‘‘heart sound’”’ channel as an indicator of the period of 
successive heart cycles. 

Photographic records were enlarged, and marked off into separate heart 
beats, extending from second sound to second sound as shown on the “heart 
sound”’ record. The period of each cardiac cycle was divided into 30 equal in- 
tervals, and the amplitude at the beginning of each interval measured with a 
Vernier calipers reading to 0.1 millimeter. The data so obtained were analyzed 
by the method of Stumpff** to give the Fourier coefficients for the fundamental 
and fourteen harmonics, the fundamental being, of course, the frequency of the 
individual beat under study. 

By harmonic analysis, the amplitude of a vibration record at any given 
instant is expressed as a Fourier Series 


Y= a,+ a; Cos wt + a2 Cos 2wt + 
+ b, Sin wt + be + 
in which 
Y= amplitude at time ¢ 


a, is the average amplitude of the record over the cycle studied 
1, Qe, 23, etc. = coefficients of the Cosine terms 
corresponding to the harmonics present 
b,, bs, bs, etc. = coefficients of Sine terms 
w, 20, 3w = circular frequencies of the fundamental and harmonics. 


This formula can be reduced to the equation, involving an average value a, and 
the sum of a series of cosines, 
Y=a,+ 2A Cos (6t — x) 
in which 
A= Va? be 
= circular frequency of any harmonic present 
phase displacement of the particular harmonic. 


Fourier amplitudes, A, represent the maximum instantaneous con- 
tribution of each frequency to the total amplitude of the tracing at any time 
during the beat. The sum of the coefficients will represent the maximum in- 
stantaneous amplitude subscribed by the fundamental and the first to fourteenth 
harmonics. Fig. 7 is a typical photograph of a Sanborn record of three heart 
beats. 

1. Changes in Cardiac Vibrations While at Rest: Table I gives the Fourier 
amplitudes obtained by analysis of eight successive heart beats recorded with 
the subject supine, listing the fundamental frequency of each beat, and the 
coefficients of the fundamental and its harmonics in that beat. 
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Fig. 7.—Photograph of records from Sanborn Cardiette with conventional first and second heart 
sounds above, and linear record of vibrational intensity below. Three successive heart beats. Sub- 
ject sitting. 

(Analysis given in Fig. 10.) 


The important features of this table are: 

(a) In general, harmonics beyond the ninth contribute little to the total 
amplitude. 

(b) There is a pronounced rhythmic change in the period of the beats 
and, therefore, in the fundamental frequency. The frequencies correspond to 
pulse rates varying between 64 (Beat 3) and 80 (Beat 5) per minute. This 
change occurs within a total time of 2.6 seconds. 

(c) The total of coefficients of the fundamental and harmonics is also 
rhythmic. 

For the present study, the shift of intensity over the frequency range is of 
major importance. This shift can be demonstrated easily by calculating the 
mean frequency of the Fourier coefficient distribution by the usual statistical 


method. 


Period (second) | 0.833 


| 0.909 | 0.944 0.893 | 0.746| 0 
Frequency 1.12 | 1.34 2.33 


Amplitudes (Unit 1 mm.) 


Harmonic 61 


SOON A whe 


Soe NO 


Sum of coefficients | 10. 
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TABLE I. ANALYSIS OF EIGHT CONSECUTIVE HEART Beats (PATIENT SUPINE) 
BEAT | 2 | 3 8 
0.787 | 0.800 
1.25 
64 2.07 1.11 0.74 0.89 
74 :. Sa 2.38 2.17 2.41 
08 1.15 0.75 1.10 0.47 
51 1.95 2.36 Pe 2.28 
0.97 1.67 0.99 
74 0.66 0.35 0.28 0.70 
| 0.29 0.24 0.06 
16 0.26 0.06 0.14 0.17 
40 0.20 0.08 0.20 0.23 
09 0.36 0.03 0 07 0.23 
26 | O.10 0.12 0.13 0.11 
18 0.32 0.30 0.09 0.10 
20 0.21 0.24 0.05 0.11 
29 0.19 0.06 0.06 0.09 
11 | 0.14 0.04 0.03 0.11 
OG 9 11 11.83 10.43 9.14 9.22 8.95 
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A,+ Ar+ Ast Ast 


where f is the fundamental frequency and F the mean frequency. 


Dividing throughout by f gives the formula 

A,+ @A2+ 3A3+ 

Azs+ Ast Agt 

in which N is the mean harmonic. By this means, shifts in values of the Fourier 
amplitudes of harmonics can be disclosed independent of the actual fundamental 
frequency. It is obvious that any increase in N can result only from a relative 
increase in the amplitudes of frequencies higher than the fundamental, for an 


increase solely in A, would reduce the value of N. 
Table II, summarizing the analysis of this record of eight heart beats, 


shows that both mean frequency, F, and mean harmonic, N, vary rhythmically 
while the subject is at rest. 


4 


TRENDS IN MEAN FREQUENCY AND MEAN HARMONIC DURING EIGHT SUCCESSIVE 


TABLE II. 
HEART (PATIENT SUPINE) 


.09 
44 


To discover the source of this rhythm, a record of fifteen successive heart 
beats was made simultaneously with a record of the respiration. The respira- 
tory tracing was made by a pneumograph activating a crystal microphone, which 
was, in turn, connected with a photoelectric recorder.* The signal systems of 
the Sanborn Cardiette and the recorder were connected so that they could be 
simultaneously activated by the signal plunger of the Cardiette. Fig. 8 shows 
the trend of respiration and the values of f, 2A, N, and F for the fifteen successive 
beats, calculated over the range 0 to 20 cycles per second. No significance 
attaches to the absolute amplitude of the respiratory record, but the trend is 
important. The data charted in this figure are given in Table III. 

The subject was sitting while the record was made. The average pulse 
rate was 102. (He was suffering from an acute sinus flare-up.) 

There are a number of interesting points shown by Table III and Fig. 8. 

(1) The period of successive heart beats shows minimal values toward 
the end of inspiration and is at its maximum during the expiratory pause. The 
fundamental frequency of each beat, of course, follows the inverse trend. How- 
ever, the variation of frequencies is not wide. 

(2) The sum of the Fourier amplitudes reaches a peak in general as in- 
spiration changes to expiration and is lowest during the expiratory pause. 


*General Electric. 


BEAT 1 2 3 4 5 6 7 8 
} 
N 4.20 | 4.61 | 4.29 | 4.45 | 4.50 4m | 4:95 | 4-28 
F 5.04 | 5.07 | 4.55 | 4.98 | 6.04 | 5 5.16 | 5.32 
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Fig. 8.—Analysis of fifteen consecutive heart beats correlated with respiratory cycle. Subject 
sitting. N= mean harmonic; f = frequency of each beat; 2A = sum of Fourier coefficients; and 
R = respiratory cycle. (Drawn from data of Table IIT.) 


(3) The mean frequency shows high values during inspiration but may also 
be high during the expiratory pause. The rhythmic variation of this mean fre- 
quency is much wider than the variation of the fundamental and is due to wide 
variation of the mean harmonic, N. WN attains high values as inspiration changes 
to expiration. 
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TABLE III. ANALYSIS OF FIFTEEN CONSECUTIVE HEART BEATS (PATIENT SITTING). 
CORRELATION WITH RESPIRATORY CYCLE 


SUM OF 

PERIOD FOURIER 
(SECOND) AMPLITUDES PHASE OF RESPIRATION 
0 To 20 c.P.s. 


Beginning inspiration 

Inspiration 

End of inspiration and beginning 
expiration 

Expiration 


— 


Expiratory pause 


Inspiration 


Expiration 


Expiratory pause 


Wht 


OSD Co 00-2 


oso 


co 


Inspiration 


w 
w 


2. The Effect of Change in Posture: The effect of a passive change in 
posture upon the intensity-frequency distribution of cardiac vibrations was studied 
by the tilt test. A series of successive heart beats was recorded after five minutes 


in the horizontal position, and at 15.4 seconds after tilting to 45°, with legs down. 
Each beat was analyzed, and f, N, and F calculated. Table IV gives the results. 


TABLE IV. ANALYSIS OF GRoupPsS OF HEART BEATS BEFORE AND AFTER TILT TEST 


ELAPSED TIME 
(SECONDS) 


After 5 minutes in horizontal 
position. Immediately 
before tilting 


ELAPSED TIME 
(SECONDS) 
AFTER TILTING 


5.40 
.03 
.66 
31 
.98 
.66 
94 


Commencing 15.4 seconds after 
tilting to 45° with feet down 


BEAT 
74 
13 
.09 
.24 
|) 
| 
| 
76 
09 |\ 
01 |) | 
81 | 
45 |] 
80 | 
BEAT N F | 
0.719 | 1.391 | 1.710 | 2.38 | 0.00 
2 0.765 | 1.310} 2.258| 2.96 | 0.72 
3 0.776 | 1.290 | 2.163 | 2.79 | 1.48 
4 0.736 | 1.359] 1.813 | 2.44 | 2.26 
5 0.717 | 1.395 | 2.206] 3.08 3.00 
6 0.695 | 1.439 | 1.625 | 2.34 | 3.71 
Mean | 1.973 | 2.67 | 
|| 
| | | | 
7 0.631 1.834] 2.91 | 1 
8 | 0.628 92] 1.588| 2.53 | 1 
9 0.655 27 | 2.212 | 3.38 | 1 
10 0.665 04] 1.846] 2.78 | 1 
11 0.680 71| 2.938] 4.32 | 
12 0.653 31 | 2.898 | 4.44 | 1 
13 0.627 95 | 2.585 | 4.12 | 
14 0.639 65 | 1.674| 2.62 | 1 
Mean | 2.197 | 3.39 
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The values of N and F varied during both the approximately four seconds of 
study when the subject was horizontal, and the 4.5 seconds while tilted, but at 
18 seconds after tilting N and F attained values much higher than those recorded 
in the horizontal position. The mean values of N and F for each complete series 
are obtained from vaiues of A for all frequencies involved. 


3. The Effect of Exercise: Records were made on a subject before and 
immediately after performing the Master 2-step exercise. The subject was 
sitting while all records were made. Groups of five or six successive heart 
beats were analyzed for the pre-exercise period, and at intervals of approximately 
20, 29, 40, 60, and 75 seconds after exercise ended. For each beat, the mean 
frequency was calculated over the range 0 to 20 cycles per second. The value 
of N is shown in the graph of Fig. 9, together with mean values of N for each 
series of heart beats. 


There was considerable variation in N during the two study periods. Twenty 
seconds after exercise ended, N was less variable and the mean value of N for 
this and the next two succeeding groups of heart beats was above the control 


N EX 
6- 


EX 


Fig. 9.— Variations of mean harmonic N and average N for groups of six heart cycles. A,B: Before 
Master 2-step test; and C, D. E, F, G: at intervais after test. Numerals between groups of N values 
show time elapsed since last beat analyzed. 
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value. At 59.6 seconds and 74.6 seconds increased variability of N appeared 
with a drop in the mean values for the groups. 

Analysis of records obtained by Method B, therefore, shows the same 
phenomena as Method A; namely, a shift of distribution of intensity over the 
frequency range in response to physiologic load, with a return toward control 
conditions on removal of the load. Under Method B individual cardiac beats 
were considered, demonstrating trends not detectable by Method A, in which 
the automatic recorder averaged over a series of beats. Further, this method 
covered the range of 0 to 20 cycles per second deficient in the records of Method A, 
and showed that these low frequencies actually contribute the greater part of 
the intensity of cardiac vibration, yet show trends of the same type as detected 
by Method A for the range of 20 to 100 cycles per second. 


The Cause of Changes in the Intensity-Frequency Distribution Shown by 
Methods A and B.—By dividing records of single heart beats into submultiples 
and analyzing each, trends in the intensity-frequency distribution can be dis- 
closed during each individual beat. Fig. 10 shows a tracing of a ‘‘linear’’ vibration 
record of three successive heart beats made with the subject sitting. Each beat 
is divided into six equal parts and the spectra of Fourier coefficients, A, and the 
corresponding values of N are shown for each one-sixth cycle. 

From general principles the intensity-frequency distribution of vibrational 
activity during a heart beat should be related either to the intraventricular pres- 
sure or to the ventricular volume, which, in physiologic discussions, is considered 
a measure of the length of the muscle fibers. The variations of N in Fig. 10 
do not appear to follow either intraventricular pressure or ventricular volume 
trends as these have been disclosed by the work of Wiggers and Katz.’ But if 
one remembers that an increase in N denotes a relative shift of intensity to 
higher harmonics, and vice versa, and combines this fact with the statement 
made by Lamb® (in connection with vibrations of a string on impact) that ‘‘ac- 
cording to a general principle . . . the higher harmonics are excited in greater 
relative intensity the more abrupt the character of the originating disturbance,’ 
it seems logical to suggest that ‘‘the originating disturbance”’ is a change in the 
length of ventricular muscle fibers, that is, a change in ventricular volume, and 
that the ‘‘abruptness”’ of this disturbance is represented by the rate of change of 
ventricular volume. The simplest conclusion is that N is directly proportional 
to the rate of change of ventricular volume. If the values of N from section 
to section of the three heart beats of Fig. 10 be summed with WN taken as positive 
from second to first sound and negative from first to second sound in accordance 
with the direction of changes in ventricular volume, the graph SN is obtained, 
as shown at the bottom of Fig. 10. This graph is very similar to the known 
curve of ventricular volume changes. 

If, for the moment, it be accepted that JN is proportional to the rate of change 


of ventricular volume, that is, N= K a general mathematical and physical 
t 


considerations lead to an interesting result. MN is a mathematical function, 
gi(Z), of the vibrational intensity. But intensity is rate of change of energy, 
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Fig. 10.—Analysis of three heart beats shown in Fig. 7. S—First and second heart sounds; R— 
tracing of record on Sanborn cardiograph: A—spectra of Fourier coefficients for each one-sixth beat; 
N-—value of mean harmonic for each one-sixth beat; and SN—sum of N, with N positive from second 
to first sound, and negative from first to second sound. 
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nd Hence, if N is proportional to the rate of change of ventricular volume, 


dt 
dE dV 

we have the argument N= g,; (J)= g, [=] = K — whence energy isa func- 
tion of ventricular volume, that is, E= gz (V). Starling’s ‘‘Law of the Heart”’ 
states that ‘‘the energy set free at each contraction of the heart is a simple func- 
tion of the length of the fibers composing its muscular walls.’’ The energy of 
vibration must be part of the total energy set free, and hence must also be a 
function of the length of muscle fibers (that is, of ventricular volume). Thus, our 
suggested relationship between the mean harmonic, JN, of the intensity-frequency 
distribution is in conformity with Starling’s “‘Law of the Heart.’’* 

The laborious procedures of analyzing records used in Methods A and B 
are not suitable for routine study of cardiac vibration. More facile apparatus 
will be described. However, it is of value at this point to consider factors which 
might affect ventricular volume, in light of the physiologic loads which have 
been shown previously to influence the distribution of intensity of vibration. 


*Our suggested relationship between the relative intensities of higher harmonics of vibration fre- 
quency during the heart cycle and the length of the ventricular muscle fibers conforms also to physical 
laws. Ifa stretched string of length, L, is deformed by a disturbance operating for a time, #, the inten- 
sities of the higher harmonics are proportional to 

L 


tension 
density 
harmonic number 
® duration of operation of disturbance 
L length of string 
Assume that in the heart, the ‘‘originating disturbance" is the change in length of ventricular fibers. 
The duration of action of this disturbance, ¢, over any very small period of the cardiac cycle will be 
dt/dL, the time required for a small change in fiber length. As diastole changes to systole, there is 
litt'e change in L and, therefore, @ approaches infinity. During systole, ® will decrease and then in- 
crease in accordance with the downslope of the ventricular volume curve. As systole ends and diastole 
begins, @ again approaches infinity. As the ventricle fills with blood, ® will follow the upslope of the 
volume curve. 
The relative intensity of a given higher harmonic, s, being proportional to 
-—2llcs® 


L 
e 


will be greater when 2 IIc s #/ L is small, and vice versa. When # approaches infinite values, the rela- 
tive intensity will be smal! no matter what the value of L. As# diminishes and L increases, the relative 
intensity of this harmonic will increase. 

In our preceding analysis, the mean harmonic, N, is calculated from 
— Ait 2Aat 3A3+ 

Ai + A3 + Ag+ 
where A}, Ao, A3;, etc., are the Fourier amplitudes of the harmonic components of the complex cardiac 
vibrations. Using the formula for relative intensities of harmonics, in place of A;, A2, etc., and giving 
s the values 1, 2, 3, etc., 


N 


— 


L +e L 4 


(Footnote continued on next page.) 


e 
N= 
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The volume of the ventricle depends upon the quantity of blood in it. This 
is determined during systole by the rate of ejection through open aortic and 
pulmonary valves. The rate of ejection in turn is controlled by the physiologic 
condition of the heart muscle. During diastole the volume of the ventricle 
depends upon the venous inflow, which in turn is influenced by posture, the respir- 
atory cycle, the tonus of muscle of the abdominal wall and lower extremities, 
and the condition of the peripheral capillary bed. During diastole the rate of 
venous return will be increased by inspiration. After exercise it should, under 
normal conditions, be increased by additional tonus of skeletal muscle in the ab- 
dominal wa!l and lower extremities and by peripheral vasoconstriction. During 
expiration or under a condition of low muscle tonus or peripheral vasodilation, 
the rate of venous return should fall. The supine position, by eliminating the 
effect of gravity, should improve venous return. A change in posture from the 
horizontal should be compensated quickly by adjustment of venous return. 
During systole the rate of ejection of blood from the ventricle, which controls 
the rate of change of ventricular volume, should be increased by exercise, either 
as a result of increased diastolic filling or increased tension of the cardiac muscle. 
The rate of ejection should be diminished by an excessive load, anoxia, chemical 
poisoning, disease of the myocardium, and, perhaps, by increased peripheral 
resistance to blood flow. 


— L 
Dividing through by ¢ , this becomes 
—4 


4 


—4licd 


—2lich 


When. ¢ becomes infinitely great, N = 0; when #= 9, N is infinitely great; that is, N= K/*. But 


at 
= aL Hence, N = 


This physical concept may even have a wider application to successive complete heart beats. If 
we assume that the “originating disturbance” is the beat itself, its duration, &, will be the period of the 
beat. Ifin two or more successive beats the average ventricular volume, V =~ Ll, remains the same, the 


relative intensities of a given higher harmonic, s, will be proportional toe _ . As ® increases (that is, 
as the period of the beat increases), the higher harmonics will occur with less and less intensity. A short, 
snappy heart beat should give a vibration spectrum with greater intensity of higher harmonics than a 
long beat. Further, in the limit, a dying heart or a badly diseased heart with poor function should, 
as Kountz and Wright? reported, give a vibration spectrum in which “‘low frequency diastolic and sys- 
tolic waves" appear with pronounced intensity. 
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These factors increasing or decreasing the rate of change of ventricular volume 
during the heart beat should also decrease or increase the value of N. Experi- 
ments already cited demonstrate the expected changes of N during inhalation and 
exhalation, in response to changes in posture, and exercise, and to a chemical 
poison, carbon monoxide. With suitable apparatus, therefore, a study of low 
frequency cardiac vibrations may add much to our knowledge of cardiodynamics 
in people apparently well and at work. 


Method C. Simple Apparatus for Study of Low Frequency Cardiac Vibra- 
tions.—The mean frequency, JN, of the intensity-frequency distribution of cardiac 
vibration was calculated mathematically by ‘‘weighting’’ the Fourier amplitude 
of each frequency component by its harmonic number. If a physical means 
could be devised for weighting the instantaneous contribution of each com- 
ponent frequency of the vibrational spectrum, an apparatus could be constructed 
to demonstrate and measure changes during a heart beat or a succession of beats. 
Such a physical means exists in the sound “‘filter’’. A “‘low-pass’’ filter passes 
less and less of the signal presented to it as the frequency of the signal increases. 
A “high-pass” filter behaves in the reverse fashion. Fig. 11 shows the output as 
per cent (P) of input of a typical low-pass filter (L), a high-pass filter (#7), and 
the ratio (C) of high-pass to low-pass output when a single frequency is applied. 

If the signal of heart vibrational intensity, picked up at the chest wall, 
is presented to these two filters, and if L represents the low-pass output; @1, @2, ds, 
the instantaneous contribution of successive harmonics to the total signal; 
L(f), L(2f), L(3f), ete., the fraction of input passed at the fundamental frequency, 
f, and its harmonics, then L = a,L(f) + acL(2f) + a3L(3f) +. Similarly, if ZH is 
the output of the high-pass filter, and H7(f), H(2f), H(3f), etc., the fraction of 
input passed for f and its harmonics, HW = a,H(f) + aeofl(2f) + a3H(3f) +. 


The ratio of the two outputs will be 
_ + a2H(2f) + asH(3f) + 
a,L(f) + acL(2f) + a3L(3f) + 


This ratio, R, will have a numerical value which can be varied between 0 and 1 
by suitable selection of the filters. If multiplied by 100, 100 R could assume the 
values of P for curve C of Fig. 11 and have the properties: 

1. R= 50 at 10 cycles per second, and 100 at 20 cycles per second. 

2. R increases linearly with frequency, each unit frequency increase pro- 
ducing an increase of 5 per cent in the value of R. 

While R would be produced, in the signal from the heart, by summation of 
instantaneous contributions from many frequencies, the same value could also 
be attained by presenting a signal at a single frequency to the filter system. 
Thus, by the filter system, the complex signal can be expressed in terms of a single 
“resultant’’ frequency analogous to the mean harmonic, N. Further, since R 
is a ratio, the absolute intensity of the original signal will, within practical 
limits, not affect the value of R. 

Using such a system of filters, two pieces of apparatus have been constructed 
for demonstrating and measuring shifts in the intensity-frequency distribution 
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of cardiac vibrations. In each case, the signal from the microphone is amplified 
and passed to a low-pass and a high-pass filter of properties similar to those shown 


in Fig. 11. The output of the filters is employed in two ways: 


p 


0 2 4 6 8 10 l2 14 16 
CPS 


Fig. 11.—Curves of output as percent (P) of input for typical: 


pass filter, 7 —high-pass filter, C = ratio of output i. ” 

1. For Demonstration With a Cathode Ray Oscilloscope: The filters are 
connected to two poles of a double pole, double throw, vibrating switch. The 
vibrating arm is connected with the vertical input of a cathode ray oscilloscope. 
The remaining two poles of the switch are connected to the synchronizing channel 
The switch, vibrating at 120 cycles per second, alternately 


of the oscilloscope. 
Each output appears as a 


picks up the output from low- and high-pass filters. 
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horizontal bar of light on the viewing screen and the two bars can be made to 
move up and down against a vertical arbitrary scale. As used, the output of 
the low-pass filter lies to the right of the scale and that of the high-, to the left. 
For the experiments shown in Fig. 12, the two were balanced at the zero point 


RECOVERY 


RECOVERY 
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D— 
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Fig. 12.—-Oscillograph patterns from differential heart sound meter in A—exercise test; B—tilt test; 
C—Flack test while supine; and D—Flack test while tilted to 45°. 

Diagram at top of figure shows standardization S = center scale; H = output of high-pass filter: 
L = output of low-pass filter. 

Controls shown to left of vertical lines: A, control C—subject sitting; B, control H-—subject hori- 
zontal 5 minutes; C, control H—subject horizontal 5 minutes; and D, control T—~subject tilted 5 
minutes. 


of the scale with a signal of 4 cycles per second. At 5 cycles per second, the high- 
pass line moved upward; the low-pass, downward. At signals of lower frequency 
than 4 cycles per second, the movement was reversed. The oscilloscope pattern 
was photographed during a group of tests using a cinematograph camera at 16 
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frames per second. From the negatives, individual frames were projected and 
copied to give the diagrams of Fig. 12, in which 

A = exercise test (C= control, sitting) 

B= tilt test (J7= control, supine) 

C = Flack test while horizontal (/7= control) 

D= Flack test while tilted to 45° (JT = control). 


In each case, a movement of either output beyond the control range indicates a 
shift in intensity-frequency distribution and the spread between the high- and 
low-pass bars shows the extent of the shift. 

In the Flack tests, it is noteworthy that the spread was greater when the 
subject was at 45° than when he was supine. He remarked that the test was a 
much greater physical strain while tilted than while lying. 


2. The Differential Heart Sound Meter: For routine study of cardiac 
vibrations, the output of the filters is passed to a suitable diode voltmeter which 
includes a potentiometer and a galvanometer. The galvanometer may be of the 
simple needle type with a scale or a recording instrument such as the Photo- 
electric recorder. 

When the simple galvanometer is used, the galvanometer needle oscillates 
from side to side of the scale during each heart beat and the operator adjusts 
the potentiometer by means of a dial graduated from 0 to 100, so that the oscilla- 


0 2 3 a 
SECS 


Fig. 13.—Full line—photoelectric recorder tracing of differentia! heart sound meter output. Curvi- 
linear time markings. Circles--position of galvanometer needle on differential heart sound meter 
synchronized with direct record. Vertical time markings. Timing of deflections of ECG. Lead II, 
shown diagrammatically. Vertical axis shows deflection (in mm.) from balance point of meter. 
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tions show equal excursions on either side of the central zero of the scale. During 
a test the dial at balance is read every thirty seconds. 

When a recording instrument is used the potentiometer dial is set at a point 
which is suited to the scale of the recorder. 

In Fig. 13, a record made on the photoelectric recorder (full line) is compared 
with simultaneous movements of the simple galvanometer needle (circles). 
The latter was photographed at 16 frames a second and measurements made 
from successive frames. The curvilinear time axes are those for the recorder, 
spaced five-sixths of a second apart. The vertical] time axes are for the gal- 
vanometer needle readings. Each is measured in millimeters from the balance 
point. Above the first heart beat the deflections of the electrocardiogram 
(Lead II) are shown diagrammatically with the same time relationship as ap- 
peared on the original record. Obviously, there is no appreciable difference 
between the records obtained by the two methods. Further, the excursions dur- 
ing each heart beat are comparable in trend and timing to the known changes in 
ventricular volume. 

In Fig. 14 are shown photographs of three records taken with the photo- 
electric recorder: A, after lying five minutes; B, after sitting five minutes; 
and C, after standing two minutes. At the lower part of each are shown the 


Fig. 14.—Photograph of photoelectric record from differential heart sound meter: A, after 5 
minutes supine; B, after 5 minutes sitting; and C, after 2 minutes standing. Heavy horizontal line 
shows balance of meter at 10 cycles per second. Each small vertical interva! is equivalent to 0.2 cycle 
per second. Lead II of ECG. synchronized with meter record. 
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major deflections of Lead II of the electrocardiograph, recorded directly on the 
recorder chart. The black, horizontal line represents an initial balance of the 
heart meter at a dial reading of 50 (corresponding to 10 cycles per second), 
Each departure of 5 small units of the heart record from this line represents a 
change of 1 cycle per second in “resultant” frequency, as explained previously 
under the discussion of filters. 

The records of Fig. 14 are comparable to the ventricular volume records 
obtained by Wiggers and Katz,’ not only in general confirmation and timing in 
relationship to the cardiac cycle, but also in the relative size and shape when, 
with change in posture, there is a reduction of venous pressure and increase 


7, Figs. 7 and 11 
of heart rate.” ™ 


The interesting possibility that a direct measurement of cardiac output 
might be made from these records of cardiac vibration remains for future study. 

More frequently the differential heart sound meter has been used witha 
simple needle galvanometer and the dial readings at balance recorded by the 
operator. In this way the average of a succession of heart beats is studied 
during a control period and after tilting, or a Master 2-step test. In both 
cases, after the subject has been supine, or seated, for five minutes, control read- 
ings are taken. He is then tilted, or performs the Master 2-step test. Readings 
are taken immediately after tilting and at thirty-second intervals for three to 
five minutes. In the exercise test, the subject sits immediately after the 
scheduled number of steps have been taken and readings of the meter dial are 
started at once and repeated every thirty seconds for five minutes. 

The responses noted in a large number of Master 2-step exercise tests can 
be classed in four general types as shown in Fig. 15. The characteristics of these 


types are: 


(1) An increase of 5 to 15 dial units immediately after exercise with a 
return in less than 1.5 minutes to within 5 units of the control. 


(2) <A rise of more than 15 units. Return in 1.5 minutes or delayed 
return. 

(3) Achange of less than + 5 units from control dial reading. 

(4) A fall of more than 5 units immediately after exercise. Intermediate 
types can exist. 


For each type, the resting (control) reading may be at any point on the dial, 
but at present we consider the range of 40 to 55 as “‘normal.’’ It is possible that 
further experience will narrow this range. 

A high resting reading or a rise of more than 15 units immediately after 
exercise we interpret as a ‘“‘stimulation.”” This stimulation occurs in the early 
stages of infection, or after inhalation of low concentrations of toxic chemicals. 
Failure to give an increased dial reading immediately after exercise we consider 
a “depression” reaction, indicating circulatory inadequacy. This is a frequent 
finding in fatigued workers or those acutely exposed to toxic chemicals. 

A low resting dial reading appears to us the most important sign of in- 
adequacy of the cardiovascular system. Physiologically, it will result from 
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D 


- 


E S 


Fig. 15.—Types of response to Master 2-step test shown by differential heart sound meter: D = 
meter dial reading; S = reading after'5 minutes sitting; and E = end of exercise. Base line = minutes, 
Sma!l numerals beside each circle indicate pulse rate. 


low tonicity of the heart muscle and may involve the low frequency vibrations 
Kountz and Wright? record as present in diseased and dying hearts. 

For convenience in assessing the dial readings of the meter in the exercise 
test, we have drawn up an arbitrary system of scoring (Table V), which covers the 
possible variations in resting reading, degree of response, time of maximum 
response, and recovery. Each factor is given an index and a score. A record 
can be classified by either indices or total score. 
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Dial readings obtained from the heart sound meter using the Master 2-step 
exercise test can be coded according to (a) resting reading, (b) maximum re- 
sponse to exercise, (c) time after exercise at which maximum response is reached, 
and (d) time after exercise at which reading has returned to approximately 


resting value. 
Within these four categories, records can be given indices and scores as 
shown in Table V. 


TABLE V. Cope FoR ANALYSIS OF HEART SOUND METER 


INDEX SCORE 


Resting dial reading 


Above 55 
Less than 40 
Less than 30 


Maximum response to exercise 
Rise of 5 to 15 points 
Rise of more than 15 points 
Change (rise or fall) of less than 5 points 
Fall of 5 or more points 


Time of first maximum response to exercise 
Maximum change (rise or fall) observed 
0 to 0.5 minute 
Above 0.5 but not above 1 minute 
Above 1 minute but not above 1.5 minutes 
Above 1.5 minutes 


Rate of first return, after exercise, to within 5 points of resting 
reading 
0 to 0.5 minute 
Above 0.5 but not above 1.5 minutes 
Above 1.5 but not above 2 minutes 
Above 2 minutes 
(also in case of maximum response under Index B-3 above) 


Heart sound records scored as above can be classified according to the total 
score obtained by adding scores under A, B, C, and D. 

It must be emphasized that the heart sound meter primarily discloses 
functional changes in heart vibration frequencies in response to physiologic loads. 
Function may be unimpaired even in a circulatory system which is manifestly 
diseased, as long as that system is adequately compensated. On the other hand, 
function may depart from normal when disease is not manifest. However, the 
most important question for a patient with cardiovascular disease is, ‘‘How great 
a physiologic load can I stand without failure of cardiovascular function?” 
To show how the differential heart sound meter may help to answer this question, 
we list in Table VI the results of its application, with the Master 2-step test, toa 
series of patients presented for special examinations of the cardiovascular system. 
The majority was tested only once. Most were of middle age. The tests are 
grouped according to score, and pertinent data from the medical record (often 
extending over years) are entered. 


AA 
40-85 1 0 
2 10 
P 3 60 
4 80 
B. 
1 0 
2 4 
3 20 
4 40 
1 0 
2 1 
3 1 
4 4 
DD. 
1 0 
0 
3 5 
4 5 
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TABLE VI. 


CHANGES IN CARDIAC VIBRATIONAL INTENSITY 


RESULTS OF APPLICATION OF HEART SOUND METER AND SCORING CODE 
TO THIRTY-SEVEN CASES 


5/14/45 
9/12/45 


4/23/45 

8/31/45 | 
3/12/46 

2/ 6/45 


8/14/45 
1/25/45 | 


2/ 2/45 | 
9/ 4/45 


8/29/45 | 


9/20/45 
4/29/46 


8/ 1/45 
1/23/45 


4/ 4/45 
8/24/45 


12/10/45 | 
4/ 9/45 


1/17/45 
3/ 8/46 | 
5/ 3/45 | 
9/19/45 


9/26/45 


12/17/45 | 


4/10/45 
9/24/45 
9/ 5/45 
1/24/46 
4/27/45 
4/30/45 | ; 
5/23/46 |; 


TOTAL 
SCORE 


86 
65 
80 
100 


60 
80 


109 


80 
60 
60 
60 
65 
60 
65 


MEDICAL RECORD 


| Apparently normal 

| Apparently normal 

| No definite diagnosis. ECG on 
9/11/45 suggested “‘intraventri- 
cular block” 

Coronary thrombosis—2 attacks. 
(See records with high score 
below*) 

| No clinical diagnosis. 9/7/45 rec- 

ord suggested ' ‘angina of effort”’ 


‘Hypertension 
1917; Thyroidectomy 
1937: Duodenal ulcer 
| Neurocirculatory asthenia 
| Mild _hypercholesterinemia—angi- 
| nal pains 
| Mild, indefinite chest pains. (See 
record below with higher score?) 
Precordial and substernal pain. 
Pain in left arm 
Paroxysmal auricular tachy cardia” 


| Disstolie 

| Coronary occlusion, 1940 

Hy pertension, Coronary occlusion 

(?) 1944 

ECG—“ Posterior type myocardial 
infarction” 
| B.P. 94/64-60. See record 2/2/45 
| Hypertensive cardiovascular dis- 
ease. Evidence of myocardial 
insufficiency 
| 9/4/45: ECG—‘‘Possible chronic 
coronary insufficiency” 
Anginoid pains 


| ho posture. U nderweight 
Cardiac episode 12 vears ago 
| No clinical diagnosis 
1939 ECG—left axis deviation. 
“Suggests some myocardial ab- 
normalty, possibly due to age” 
| Rheumatic heart disease 
| Paroxysmal tachycardia. B.P. 
150/90-88 
Abnormal ECG.  Fluorosc “ope 
“suggests mitral disease”’ 
| Diastolic hypertension 
| Apparently normal 
| ‘‘Nervous exhaustion” 
| Nitroglycerin poisoning 
|{ Coronary thrombosis—2 attacks 
| | (See record with lower score above) 
| Bradycardia (excessive vagal acti- 
vity) 
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INDEX 
CASE SEX AGE DATE 
A B D 
M 41 > 0 
2|M 43 0 
3 M 58 ;1}a]a] 0 
4 M 54 1}/1)1]1 0 
5 M 56 1;/1}a]1 0 
6 M 53 1/1/11] 3 6 
7 M 46 1/3/1]1 20 
M 56 siai2zi2 21 
9 M 41 1/3/11] 1 20 
+10 | M | 40 a 1/3/1/1)| 20 
11 M 44 1/3/1/1 20 
ol} | a | 2 
13 M 51 1/3/1/5 26 
14 M 42 4 29 
15 M 36 laj4a]a]1 40 
16 M 52 | 1/4/]/1]2 40 
10 | M | 40 titi) 45 
17 M 54 }1/4/4/3]| 49 
| 
18 M 58 1} 4)3)4 46 
19 M 52 1}/4/1/1] 40 
20 28 1/2) 4 
21 M 60 
22 M 31 1/1] 1 
23 M 59 4/1] 1 
24 M 37 1 
25 M 34 3) 3) 1) 
2 | M | 35 | 4 | 3) 
27 M 16 | 3/3/11] 1 
28 M 56 | 1 
29 M 35 | Bia} 
30 | M 45 | Bi 1] 
*4 M 54 1/1/41] 
*4 M 54 | 
31 M 29 | 1/1/4 
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TABLE VI. RESULTS OF APPLICATION OF HEART SOUND METER AND SCORING CODE 
TO THIRTY-SEVEN CasEs—(Cont’p) 


INDEX 
TOTAL 
SCORE MEDICAL RECORD 


a/ 2/48 | Exophthalmic goiter 

4/28/45 Acute coronary occlusion—1937 
9/13/45 | ; Repeated ECG with low amplitude 
T waves 

3/21/45 | ; 4/11/45: Anginoid pains 
12/10/45 ,11 History of coronary insufficiency. 
12/10/45: ECG—‘‘Coronary 
disease—posterior type infarc- 
tion” 

1/24/45 | ; Low systolic and diastolic blood 
pressure 


In Table VII, the data are regrouped according to age and score. 

The possible variations in functional efficiency even in the presence of dis- 
ease are shown by Patient 4, who has had at least two severe coronary episodes. 
His record shows: 

HEART SOUND RECORD 
DAY DATE INDEX TOTAL SCORE 


Monday 4/23/45 
Friday 4/27/45 
Monday 4/30/45 


On Monday, 4/23/45, his resting dial reading and his response to the Master 
2-step Test were “normal.’’ A week of work produced a drastic change. On 
Friday, his resting value was low and although the rise immediately after exercise 
was at least 5 points, the absolute value of the dial was still below 40. On this 
day, he failed to return to within 5 points of resting in one and one-half minutes. 
A weekend of “rest’”’ produced little change: merely a more rapid return to resting 
value after exercise. The possible value of the meter in deciding ability to with- 
stand a given physiologic load is here demonstrated. 


The response of the differential heart sound meter to the tilt test follows the 
same general types as that to the exercise test. But a given subject may not 
show identical responses to the two tests at a particular examination. Fig. 16 
shows data on three subjects. A responded normally in both tests. B failed 
to show a rise of dial reading in the tilt test, but was normal in the exercise test. 
C showed a fall from the control in both tests. Subject B’s behavior at the time 
of examination is similar to that of troops standing rigidly at attention for long 
periods. In some, a fall of muscle tonus leads to failure of venous return and 
syncope. Shuffling of the feet or occasional movement will restore adequate 
cardiac function. 
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CASE | SEX | AGE DATE | 
A B Cc | 
32 F 32 
33 M 71 
34 M 46 
35 M 43 
36 M 59 
37 F 24 
2 0 
65 
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40 


3 4M 


Fig. 16.—Comparison of results of tilt test (circles—full line) and Master 2-step test (triangles, 
broken line) in three subjects. 
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TABLE VII. DISTRIBUTION OF THIRTY-SEVEN CLINICAL CASES BY AGE AND 
HEART SOUND METER SCORE 


ABOVE 59 


GROUP 
GOOD RESTING POOR EXERCISE POOR RESTING 


VALUE RESPONSE VALUE 


MEDICAL RECORD 


| Poor posture—under- 
| weight. Low blood 
| | Pressure. Brady- 
| | cardia (excessive 
| vagal activity) 


| Paroxysmal auricular Coronary occlusion | No diagnosis. 
| tachycardia and hvperten- Paroxysmal tachy- 
sion cardia. Rheumatic 
heart disease. 
Nervous exhaus- 
| | tion. Exophthal- 
mic goiter 


40-49 | Normal | Thyroidectomy and | Low blood pressure} Diastolic hyperten- 

| Normal duodenal ulcer. sion. Nitroglycerin 

Anginal pains—high | poisoning. Low 
blood cholesterol. | amplitude T waves 
Precordial and in ECG. Anginal 
substernal pain. | pains 
Coronary occlu- 

sion—1940 


50-59 | (?) Intraventricular) Hypertension. Neu- | Posterior myo- | Myocardial abnor- 
block. Old | rocirculatory cardial infarc- | mality (geriatric). 
coronary throm- asthenia. Dias- tion. Hyperten-| No diagnosis. 
bosis.* Effort tolic hypertension | sive heart dis- Coronary throm- 
angina | sease. Chronic |  bosis.* Coronary 
| coronary insuf- | disease; posterior 
ficiency. An- infarct. Old 
ginal pains cardiac patient 


| Acute coronary 
occlusion—1937 


*Case 4, which, as described in the text, appears in both low and high score groups. 


SUMMARY 


1. Low frequency (0 to 20 cycles per second) vibrations are present in the 
heart vibration spectrum in both health and disease, and can be picked up at 
the chest wall by suitable apparatus. 

2. The contribution of individual frequencies to the total intensity varies 
in rhythmic fashion during each separate heart beat and, under influence of the 
respiratory cycle, from beat to beat. 
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| SCORE 
0-1 | 4-39 40-59 | a 
| | 
| 
| 
20-29 | 
| 
| 
| 
| 
| 
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3. Physiologic stress, such as change of posture, graded exercise, or exposure 
to toxic chemicals, changes the distribution of intensity among frequencies, and 
the degree and direction of change can be an index of the ability of the cardio- 


vascular system to respond to stress. 
4. The change of distribution of intensity of vibration over frequencies 


during the heart beat may be related to the rate of change of ventricular volume 
and is affected by those physiologic factors which control the speed and extent 


of ventricular volume change. 
5. Suitable apparatus has been devised to demonstrate these changes in a 


manner applicable to frequent routine study of human subjects, well or ill. 
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COMPLETE HEART BLOCK IN YOUNGER AGE GROUPS 


J. HAmIL_ton CRAwrorD, M.D., AND N. J. D1 GREGORIO, M.D.* 
BROOKLYN, N. Y. 


OMPLETE heart block is one of the least common disturbances of the 
cardiac mechanism. When accompanied, as it frequently is, by the Adams- 
Stokes syndrome it is one of the most dramatic. White! states that at the Massa- 
chusetts General Hospital, in a series of 10,000 cases, the incidence of complete 
heart block was 0.79 per cent. By far the largest number of cases occur in older 
age groups and are a result of coronary artery disease. In seventy-two cases of 
complete A-V block, Grabiel and White? found the distribution to be: coronary 
disease, 47; congenital heart disease, 4; possible congenital heart disease, 2; 
rheumatic fever, 3; cardiovascular syphilis, 3; possible diphtheria (history of 
early infection), 4; and unknown, 9. In view of the fact that coronary disease 
preponderates to such an extent as the etiological agent and the prognosis is 
poor when this is the causative factor, it seemed to us worth while to study cases 
below the age of forty years when coronary disease is not prevalent. Complete 
heart block below the age of forty may be due to (1) congenital heart disease, 
(2) rheumatic heart disease, (3) diphtheria, (4) acute general infections, some- 
times with abscess formation involving the bundle, (5) syphilis, acquired or 
congenital, (6) ulcerative endocarditis, (7) trauma, (8) diffuse fibrosis of the 
myocardium due to arteriosclerosis of the coronary arteries or of unknown 
etiology, (9) tumor of the heart, congenital or acquired, (10) digitalis, and (11) 
undetermined etiological causes. 

Complete heart block due to congenital heart disease is not common but is 
well recognized. The desirable criteria for such a diagnosis are (a) proof by 
graphic methods, (b) a slow pulse at an early age, (c) signs of congenital heart 
disease, (d) the absence of a history of infection which might be a possible cause 
of the block; rheumatic fever, and diphtheria, for example. Yater* analyzed all 
the reported cases of congenital heart block in 1929 and found only thirty cases 
which fulfilled the necessary criteria. In 1929, Yater, Lyon, and McNabb‘ again 
analyzed the cases and found forty-four acceptable cases of which thirty-five 
showed complete heart block. In 1934, Yater, Leamann, and Cornell’ accepted 
six more cases from the literature and reported another. It is unnecessary to 
review these cases as they have been fully discussed by Yater and his colleagues. 
Campbell and Suzman‘ reported eight cases in 1934. Currie’ described one case 
in 1940; Perez de los Reyes and associates* added four cases in 1943, and recently, 
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Waldman® has added another, in which paroxysms of complete heart block took 
place in a young individual with a patent ductus arteriosus. In all, approxi- 
mately fifty patients have been described in whom complete heart block appeared 
to be of congenital origin. It is probable that more exist, since in many instances 
the condition is asymptomatic and is not associated with such outstanding signs 
as dyspnea, cyanosis, and clubbing of the extremities. As a rule, in congenital 
complete heart block the idioventricular rate is faster than is common in older 
age groups; hence, the condition may not be suspected. Campbell and Suzman 
state that the rate may vary from 42 to 56 beats per minute. Again, heart block 
in an older individual may have existed since childhood before being recognized 
and may then be attributed to coronary artery disease, which would be the usual 
etiological agent at that time. 

The commonest form of congenital heart disease to be associated with 
complete heart block is an interventricular septal defect. Complete block is, 
however, rare even when this is present. Sprague and White’® state that com- 
plete heart block, even as a transient phenomenon, is rare in rheumatic fever and 
our experience conforms to this statement. The common lesion in rheumatic 
fever is a transient partial block. Campbell and Suzman saw only two cases of 
complete heart block due to rheumatic fever. Sprague and White express the 
view that antecedent diphtheria remains to be proven as a cause of complete 
heart block in younger individuals. In this disease, although temporary partial 
heart block is common, the occurrence of complete heart block is associated with 
very severe illness and an extremely bad prognosis so that these individuals are 
unlikely to survive. White and Jones!! analyzed 100 patients who had suffered 
from diphtheria and found no instance of persistent heart block. Alstead" in a 
similar study found only one case. Rosenberg" reported two cases of transient 
complete heart block in mumps, and Paul, Rhomberg, and Cole’ reported two 
similar cases in scarlet fever. 

Generalized infections may produce temporary partial block, but complete 
block, either temporary or permanent, is very uncommon. It would be more 
likely to follow pyogenic infections with abscess formation involving the course 
of the bundle of His. 

Syphilis, either congenital or acquired, is a very rare cause. In this disease 
the most likely cause would be gummata involving the bundle of His. 

Ulcerative endocarditis with ulceration through the septum involving the 
bundle is another unusual cause. We know of a case of subacute bacterial endo- 
carditis due to Streptococcus viridans in which a patient developed complete 
heart block which autopsy proved to have been the result of ulceration through 
the septum, resulting in severance of the main bundle. 

Trauma is always a doubtful factor in the causation of cardiac lesions unless 
the effects can be proven to follow immediately after the episode has taken place. 
Sprague and White state that they have seen two individuals with complete 
heart block in whom trauma might have been the etiological agent. 

Arteriosclerosis of the coronary arteries can occur in young individuals and 
coronary occlusion may take place. When the vessels which supply the bundle 
of His are seriously involved complete heart block may be present. The bundle 
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mav also be involved by a diffuse fibrotic process for which no etiological cause 


can be determined. 

Obviously, digitalis must be ruled out as a factor in any case which has been 
receiving this drug. 

Finally, there are some cases in which, even after autopsy examination, 
no definite causative factor can be determined. 

Sprague and White reported a series of young individuals in whom complete 
heart block was present. Infectious disease (in three), rheumatic fever (in two), 
congenital heart disease (in one), trauma (in one) were the probable etiological 
agents, while in four they were unable to determine the cause. Leamann® 
reviewed the literature in 1933 and found approximately 100 cases in the younger 
age groups of which forty-two were congenital. He reported one case and stated 
that Ashman had seen another. 

The fourteen cases which will be presented represent the examples of com- 
plete heart block seen in individuals below the age of forty years in hospitals 
and private practice over a period of about ten years. In view of the large num- 
ber of admissions of patients suffering from cardiovascular lesions the rarity of 
the condition is apparent. Two cases were of congenital origin, and three others 
were probably congenital, although the evidence was not conclusive, six, in two 
of which the complete heart block was temporary, were due to rheumatic infec- 
tions, two were caused by arteriosclerosis, and in one no satisfactory explanation 
of the lesion was found even after autopsy. 


CASE REPORTS 


CasE 1.—E. S., a white girl 15 years of age, was admitted to Kings County Hospital on 
Jan. 25, 1940. The patient had been found to have heart disease at the age of 7 years, and since 
that time attended a cardiac class at school. One week before admission she developed sore 
throat and temperature, which persisted. On the day of admission vomiting was present and the 
temperature was 104.6° Fahrenheit. The pulse rate was 100, and respirations were 26 per minute. 
The blood pressure was 106/56. There were questionable petechiae in the mouth. The entire 
precordium bulged. An x-ray film of the chest showed a globular configuration of the heart. 
A thrill was present over the pulmonary area. A loud machinery-like murmur was heard over 
the pulmonary area. Bigeminal rhythm was present. Bilateral basal rales were heard in the 
lungs. The spleen was palpable. Patient was placed on sulphapyridine. The white blood count 
fell to 2,200 on January 29, but gradually rose again. Two blood cultures were negative. The 
Wassermann was negative. An electrocardiogram taken on January 21 showed complete heart 
block with an auricular rate of 125 and a ventricular rate of 80 beats per minute. It was other- 
wise normal. Another tracing taken on February 2 was identical. On Feb. 6, 1940, the patient 
suddenly expired in bed, although she had been showing slow improvement up to this time. 


CasE 2.—M. L., a white boy, 12 years of age, was admitted to Kings County Hospital on 
July 13, 1937, complaining of pain in the right ear of four days’ duration. There were nosymptoms 
referable to the cardiovascular system. Right-sided otitis media was present. The temperature 
was 100°F. and the pulse rate was 60 per minute. An x-ray film of the heart showed marked 
prominence in the region of the pulmonary conus, compatible with a diagnosis of some type of 
congenital heart disease. There was a harsh systolic murmur heard widely over the precordium, 
but loudest at the apex. The physical examination offered no other important findings. The 
blood Wassermann test was negative. An electrocardiogram, taken on July 15, showed complete 
heart block with an auricular rate of 60 and a ventricular rate of 40 per minute. It was other- 
wise normal. He was discharged on July 21, 1937. 
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CasE 3.—N. L. B., a Negro woman 23 years of age, entered the prenatal clinic of Kings 
County Hospital on Sept. 30, 1941, at which time she was five months pregnant. During routine 
examination the pulse rate was found to be 62 per minute. ‘The blood pressure was 130/80. 
There was a systolic murmur at the level of the fourth left costal cartilage and also at the apex. 
She was referred to the cardiac clinic for further study. She stated that she had always been well 
and had never suffered from rheumatic fever, chorea, diphtheria, or scarlet fever. X-ray exami- 
nation showed slight cardiac enlargement. Except for the findings mentioned, the physical exami- 
nation was negative. The blood Wassermann test was negative. An electrocardiogram showed 
complete heart block, with an auricular rate of 100 and a ventricular rate of 62 per minute. It 
was otherwise negative. On November 29, she was delivered without difficulty and had a normal 
post-partum course. An electrocardiogram, taken just before delivery, and another after delivery, 
were exactly the same as the first. The patient did not continue to attend the cardiac clinic with 
regularity. She reappeared on Feb. 8, 1943, again five months pregnant. The physical condition 
was unchanged. The electrocardiogram, at this time, was the same as the previous records. There 
was no difficulty during this pregnancy and she was delivered uneventfully on June 27, 1943. 
She again failed to attend the clinic. 


CasE 4.—N. M., a 23-year-old "white woman, was first seen on March 5, 1943. Her only 
complaint was that of fatigue. Otherwise, she had always felt well and had been active in ath- 
letics. She had suffered from pneumonia and empyema at the age of 8 years. There was no 
history of rheumatic fever, chorea, or joint pain. Physical examination revealed a pale, rather 
underweight, young woman. The pulse rate was 56 per minute. The blood pressure was 126/80. 
X-ray examination showed slight left auricular enlargement but no evidence of left ventricular 
enlargement. There was a systolic murmur heard over the entire precordium. The murmur 
was best heard in the recumbent position. An electrocardiogram showed complete heart block, 
with an auricular rate of 80 and a ventricular rate of 56 per minute. It was otherwise negative. 
The remainder of the physical examination was unimportant. Shortly after this, the patient 
had an uneventful pregnancy and was delivered without difficulty on March 31, 1944. She was 
pregnant again, in 1946, and had no symptoms. 

Case 5.—F. T., a 27-year-old white woman, was admitted to Kings County Hospital on 
June 12, 1939. At the age of 6 years, the patient had had spinal meningitis. Since then she has 
had a speech defect and has been markedly ataxic. She sought advice because of frequent attacks 
of urticaria. The pulse had been known to vary from 36 to 38 beats per minute since childhood. 
The neurological diagnosis was bilateral cerebellar disease following encephalitis in childhood. 
The heart rate was 40 beats per minute. X-ray examination of the heart showed slight left 
ventricular enlargement. There wasa harsh systolic murmur at the apex. The rest of the physical 
examination was unimportant. The blood Wassermann test was negative. An electrocardiogram, 
taken on June 18, showed auricular fibrillation and complete heart block with a ventricular rate 
of 40 per minute. The tracing was otherwise negative. Patient was discharged on June 21, 1939. 


CasE 6.—J. B., a white boy 12 years of age, was admitted to Kings County Hospital on March 
3, 1941, complaining of vague abdominal pain and vomiting. He had had a recent attack of sore 
throat. The previous history was negative for rheumatic fever, chorea, and joint pain. Tonsil- 
lectomy had been performed at the age of 6 years, but, nevertheless, he had had an occasional sore 
throat. At the time of the tonsillectomy, he was told at another hospital that he had a weak 
heart. Physical examination revealed pharyngeal injection and vague abdominal tenderness. 
The temperature was normal but he had a slight leucocytosis. The heart rate varied between 43 
and 60 beats per minute. X-ray examination revealed slight generalized enlargement of the heart 
with a mitral configuration and some left auricular enlargement. There were presystolic and 
systolic murmurs at the apex. The rest of the physical examination was negative. ‘The sedi- 
mentation rate was slightly elevated at the beginning but soon returned to normal. The circula- 
tion times (decholin and ether) were normal, as was the venous pressure. An electrocardiogram 
tuken on March 5 showed complete heart block with an auricular rate of 88 and a ventricular 
rate of 46 per minute. The tracing was otherwise normal. Another tracing taken on March 18 
showed an auricular rate of 72 and a ventricular rate of 43 per minute. He was discharged on 
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March 28, 1941. He was seen in the cardiac clinic on Aug. 25, 1941, at which time he had no 
complaints. An electrocardiogram, at this time, showed complete heart block with an auricular 
rate of 88 and a ventricular rate of 45 per minute. It was otherwise normal. 


Case 7.—E. B., a 25-year-old colored woman, was admitted to Kings County Hospital on 
July 8, 1941, complaining of pain and tenderness in the right buttock. An abscess was incised 
and drained with complete cure. Patient had had an ischiorectal abscess treated two years before 
and a recurrence a year and one-half later. There were no cardiovascular symptoms. Examina- 
tion revealed a heart rate of 56 beats per minute. On x-ray examination the heart appeared nor- 
mal. Physical examination revealed systolic and diastolic murmurs at the apex. The physical 
examination was otherwise negative, except for the abscess in the buttock. The blood Wasser- 
mann test was negative. An electrocardiogram, taken on July 14, 1941, showed complete heart 
block with an auricular rate of 75 and a ventricular rate of 56 per minute. It was otherwise 
normal. 

Case 8.—W. T., a white man 39 years of age, was admitted to Kings County Hospital on 
July 31, 1942. He complained of pain in the chest, of sudden onset. He had had rheumatic fever 
as a child and was known to have rheumatic heart disease. Dyspnea and ankle edema had existed 
for two years. On admission the patient was coughing up bright red blood and the chest pain was 
aggravated by respiration. Physical examination revealed temperature of 100.6°F., a pulse rate 
of 120 beats per minute, and a blood pressure of 120/80. X-ray examination of the heart showed 
generalized enlargement. On auscultation a gallop rhythm was present and presystolic and 
diastolic murmurs were heard at the apex. The lungs showed evidence of consolidation at the 
right base, which was confirmed by x-ray films. The liver was moderately enlarged, and there 

fas pitting edema of the extremities. The blood Wassermann test was negative. Blood chem- 
istry studies were normal. There was a trace of albumin in the urine. Electrocardiograms, taken 
on September 3 and 21, and again on October 14, showed first stage heart block (P-R 0.24) and 
other changes which were interpreted as evidence of myocardial damage. On September 11, 
complete heart block was present with an auricular rate of 75 and a ventricular rate of 60 per 
minute. The patient improved and was discharged on Nov. 27, 1942. 


Case 9.—J. K., a 23-year-old white man, was admitted to Kings County Hospital on July 7, 
1938. He had had rheumatic fever at the age of 15 years. Two years later he was told that he 
suffered from heart disease. At the age of 22, the left leg was amputated at the knee for osteo- 
myelitis. On admission, he complained of cough and temperature of one week’s duration. The 
temperature was 101°F. and the pulse rate was 80 per minute. The systolic blood pressure was 
140; the diastolic pressure could not be accurately determined since the sounds could be heard 
to zero. There was clubbing of the fingers. X-ray films of the heart showed cardiac enlargement. 
There was a presystolic murmur at the apex, followed by a snapping first sound. Systolic and 
diastolic murmurs were heard at the aortic area. Patient had consolidation at the base of the 
left lung and fluid in the pleural cavity. The blood examination showed a white cell count of 
13,200 and a hemoglobin of 78 per cent. The latter rapidly fell to 38 per cent, while the white 
cell count showed little change. Blood cultures were negative. The blood Wassermann test was 
negative. The urine was normal. Electrocardiograms, taken on July 24 and August 27, showed 
sinus tachycardia with rates of 115 and 12) beats per minute, respectively. They were other- 
wise normal. Another, taken on October 3, revealed complete heart block with an auricular rate 
of 107 and a ventricular rate of 70 beats per minute. Evidence of myocardial damage was also 
present. Patient’s condition progressively deteriorated and he died on Oct. 9, 1938. 


Case 10.—P. C., a 12-year-old white girl, was admitted to Kings County Hospital on April 7, 
1938, suffering from cough of two weeks’ duration, sore throat, and pain in the right ear. Ten 
days before, she had had pain in the left knee. The family physician stated that she had heart 
disease. On examination, the heart rate was found to be 40 per minute. The systolic blood pres- 
sure was 84; the diastolic pressure could not be accurately determined since the sounds were heard 
to zero. X-ray films of the heart revealed a globular configuration with enlargement of the left 
ventricle. There was a systolic murmur at the apex and also a mid-diastolic murmur in this 
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region. A diastolic murmur was heard along the left border of the sternum. An arterial pistol 
shot sound was heard and capillary pulsation was present. The physical examination was other- 
wise negative. The urine was negative, as was the blood Wassermann test. The hemoglobin 
was 70 per cent and the white blood count was 9,500. An electrocardiogram, taken on April 8, 
showed complete heart block with an auricular rate of 110 and a ventricular rate of 40 per minute. 
It was otherwise normal. Another, taken on May 12, had an auricular rate of 125 and a ven- 
tricular rate of 40 per minute. The patient was discharged on July 15, 1938. 


Case 11.—C. S., a Negro woman 29 years of age, was admitted to Kings County Hospital 
on Jan. 23, 1940. She had had rheumatic fever in 1939 and her joints had been rather painful 
ever since, but she had been able to attend to her usual duties. She had had tonsilitis several 
weeks before admission. She complained of pain in the precordial area on breathing, palpitation, 
and dyspnea. The temperature was 103°F. and the pulse rate was 124 per minute. The blood 
pressure was 122/90. The throat was congested. X-ray films of the heart showed some cardiac 
enlargement and a mitral configuration with enlargement of the left auricle. There was a loud 
systolic murmur at the apex. The physical examination was otherwise unimportant. The 
sedimentation rate was elevated at the beginning of our observations but soon returned to normal. 
The blood Wassermarn test was negative, as was a gonococcal fixation test. An electrocardio- 
gram, taken on January 25, showed complete heart block with an auricular rate of 100 and a ven- 
tricular rate of 81 beats per minute. The T waves were negative in Leads II and III. Another 
electrocardiogram, taken on February 7, was normal. The rate was 67 per minute and the T waves 
were how positive. The patient was discharged on Feb. 14, 1940, 


CasE 12.—M. S., a 39-year-old Negro man, was admitted to Kings County Hospital on 
March 27, 1935, complaining of pain in the lower chest and dyspnea. These symptoms had been 
present for two years and he had been in a hospital one month before with similar complaints. 
He gave a history of syphilis for which he had received treatment. He stated that he had had 
rheumatic fever at the age of 20 years. On admission, the temperature was 103.2°F., the pulse, 
120 per minute, and the blood pressure, 122/94. X-ray films of the heart showed elongation and 
widening of the aorta and cardiac enlargement. A systolic murmur was present at the apex and 
a gallop rhythm was heard. There were rales throughout the chest and edema of the legs devel- 
oped. The blood Wassermann test was negative. An electrocardiogram, taken on April 3, showed 
complete heart block with an auricular rate of 100 and a ventricular rate of 50 per minute. There 
was also evidence of myocardial damage. The condition became gradually worse and he died 
on May 23, 1935. 

Autopsy: The heart weighed 610 grams. The ventricles were dilated and hypertrophied. 
The valves were normal. The ventricular muscle was diffusely fibrotic. The aorta showed plaques 
which suggested syphilitic aortitis. There was a moderate amount of arteriosclerosis of the 
coronary arteries. The lungs showed passive congestion, as also did the liver, spleen, and kidneys. 


Case 13.—-M. R., a 29-year-old white man, was admitted to Kings County Hospital on 
Jan. 14, 1943, complaining of severe precordial pain of sudden onset which radiated to both shoul- 
ders and down the left arm. There was no history of previous serious illness. On admission, the 
heart rate was 53 beats per minute and the blood pressure was 98/60. The temperature was 
100.6° Fahrenheit. The physical examination of the heart showed no cardiac enlargement and 
no murmurs. The rest of the physical examination revealed no important findings. An electro- 
cardiogram, taken on the day of admission, showed complete heart block, with an auricular rate 
of 125 and a ventricular rate of 53 per minute. Right bundle branch block was also present and 
the tracing, despite the bundle branch block, suggested acute infarction of the anterior wall of 
the left ventricle. Another, taken on January 20, showed sinus rhythm and persistence of the 
right bundle branch block. The patient had temperature for four days. He left the hospital, 
against advice, on Jan. 27, 1943. 

Case 14.—C. S., a 24-year-old white truckman, was admitted to Long Island College Hospital 


on May 15, 1944. One year before admission, he had an attack of unconsciousness. This lasted 
a few minutes and was followed by a pounding headache. He had a second attack syncopal-like 
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on the day of admission. He did not become unconscious during this attack, but had to sit down. 
After ten minutes, he was able to get up but his gait was staggering. There was no history of 
rheumatic fever, chorea, or joint pain. Asa child he tired easily. In 1918, he was told at another 
hospital that he ‘had a heart murmur and that he suffered from congenital syphilis. He received 
antisyphilitic treatment for five years. Physical examination revealed a man in good condition. 
The heart rate was 40 beats per minute and the blood pressure, 130/65. There was some enlarge- 
ment of the heart, both to right and left, and x-ray films suggested the possibility of syphilitic 
aortitis. A loud systolic murmur was heard in the third and fourth intercostal spaces close to the 
sternum and a blowing systolic murmur was heard at the apex. The physical examination was 
otherwise unimportant. Blood chemistry studies and urinalysis were normal. The Kline reaction 
was slightly positive. The circulation times, both with saccharin and ether, were normal. An 
electrocardiogram, taken on May 11, showed complete heart block with an auricular rate of 84 
and a ventricular rate of 43 beats per minute. —The QRS complexes were of low voltage. Another 
tracing, taken on May 15, showed an auricular rate of 84 and a ventricular rate of 34 per minute. 
The T waves in Lead I were diphasic. The patient was discharged on May 23, 1944. 


Second Admission: After he left the hospital he had a slight spell in which he did not become 
unconscious. On Nov. 8, 1944, he was seized with an attack in which he did become unconscious; 
this was followed by motor aphasia and right hemiparesis. At the end of four hours he became 
normal except for a pounding headache. The physical findings were the same as on the previous 
admission. There wasa leucocytosis of 14,100. The spinal fluid was normal and the blood Wasser- 
mann test was negative. The basal metabolic rate was -3 per cent. An electrocardiogram, taken 
on November 10, showed complete heart block, with an auricular rate of 75 and a ventricular 
rate of 42 beats per minute. There were negative IT’ waves in Leads I and II. On November 17, 
at 7:15 p.m., while walking in the ward, he fell down unconscious. He had tonic contractions on 
the right side and the left side moved aimlessly. The heart rate at first was 42 and later rose to 
52 beats per minute. After fifteen minutes, uncontrolled activity ceased and slight hemiparesis 
remained. He did not regain consciousness and at 8:45 p.M. on November 19, he developed clonic 
convulsions, with intervals of relaxation. He died on Nov. 20, 1944, at 1:15 A.M. 


Autopsy: The heart weighed 400 grams. There was a small patent foramen ovale. The 
valves were normal and there was no thickening of the chordae tendineae. The papillary muscles 
and columnae carneae appeared normal. There was diffuse atheromatous degeneration of the 
aorta, most marked in the abdominal portion, and a moderate amount of atheroma of the coro- 
nary ostia. The lungs and abdominal organs were normal except that the left adrenal was fibrotic 
and contained yellowish-white calcified material. The right adrena: was normal. The thyroid 
was enlarged and contained a large amount of colloid; there were also a few small adenomata. 
The brain showed a thickened dura which was adherent to the brain tissue in places, especially 
over the left temporal area. On the basilar surface of the brain, near the junction of the frontal 
and temporal areas in the midline, there was a diffuse area of softening and necrosis. There was 
a thrombus in the left middle cerebral artery. 

Microscopic examination of the heart revealed that the myocardium, except in the region 
of the septum, was normal. The endocardium was slightly thicker than normal. In the septum 
the endocardium was diffusely thickened and fibrous on both sides. From the thickened endo- 
cardium, fibrous strands extended into the myocardium of the septum. Small bundles of Purkinje 
fibres were enmeshed in the fibrous tissue. There was a small calcified area in the fibrous tissue. 
No serial sections were made. 


DISCUSSION 


The classification of these cases as to the cause which was responsible for 
inducing the complete heart block, when no autopsy is available, is obviously 
difficult in many instances. After autopsy it may still be impossible, even after 
careful microscopic study, to assign a cause as in Case 14. This patient had 
suffered from congenital syphilis but the pathologist did not consider the lesion 
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syphilitic. The evidence seemed reasonably clear that Case 1 suffered from a 
patent ductus arteriosus. Case 2 also seemed to be associated with a similar 
lesion although the evidence was less certain. In Cases 3 and 4 no cause could 
be found for the lesion unless the pneumonia and empyema from which Case 4 
suffered at the age of 8 years might be the responsible factor in this instance. 
We know of no case where pneumonia and empyema have caused permanent 
complete heart block. There was slight left auricular enlargement in this case 
co that this disturbance may have been of rheumatic origin. There was no 
suspicion of rheumatic fever in Case 3. It is possible that a congenital lesion 
was responsible in both instances. Case 5 suffered from a severe neurological 
disorder as a result of spinal meningitis. Possibly this infection may have caused 
the heart block although, again, we know of no reported instance of this disease 
having induced complete block. In view of the history of a slow pulse since 
childhood, the heart block was probably of congenital origin. The evidence 
seems reasonably clear that rheumatic infection was responsible for the block 
in Cases 6 to 11. In Case 11, complete block was only temporary. Case 12 was 
found, at autopsy, to be due to coronary sclerosis. Obviously, in Case 13, who 
suffered from temporary complete heart block following coronary occlusion, 
the basic cause was arteriosclerosis, the bundle being involved in the zone of 
reaction surrounding the necrotic area. No etiological cause could be determined 


in Case 14 even after autopsy. 


Pathology: Where permanent block is the result of either rheumatic fever 
diphtheria, or pyogenic organisms, the mechanism of the block is fibrotic change 
in the bundle which prevents it from functioning properly. Similarly in trauma, 
there is presumably in the beginning a hemorrhage which is replaced by scar 
tissue. In Case 14 fibrous tissue interfered with conduction, although what 
caused this could not be determined. In syphilis the lesion which interrupts the 
bundle may be either an actual gumma or fibrous tissue. In tumor the malignant 
tissue destroys the fibers of the bundle, while in ulcerative endocarditis the bundle 
is severed by the ulcerative process. When the block is only temporary it may 
be due to marked cloudy swelling or to the involvement of the bundle by the zone 
of reaction surrounding an Aschoff body in rheumatic fever or the area of necrosis 
in coronary occlusion. In congenital heart disease with complete heart block 
Abbott'® states that only seven autopsies have been performed, and in only four 
of these has the bundle been studied by serial sections. Three of these were 
cases reported by Yater and colleagues, in which they found imperfect devel- 
opment of the bundle. The fourth was an instance of 2:1 block studied by Wilson 
and Grant!’ in which they found that fibrous tissue had penetrated the bundle, 
thus damaging the fibers. The commonest pathologic lesion associated with 
congenital complete heart block is a patent interventricular septum. It must be 
noted, however, that complete heart block is rare in patent interventricular 
septum because, as a rule, the defect lies anterior to the membranous part of the 
septum while the bundle runs posterior to it. Alterations in tension in the bundle 
may be responsible when conduction is imperfect. Such a cause has been sug- 
gested, when the degree of conduction varied under different circumstances, by 
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Wilson and Grant,'? Nissé,'* Smith,!® and Calandre.*® Finally, variations in the 
circulation to the bundle may affect its conductivity. Clearly, this would be 
more likely to take place in older age groups where coronary arteriosclerosis is a 
factor. 


Physiologic Adjustments: The efficacy of the circulation is dependent largely 
on the volume of blood expelled by the heart per minute. This is determined 
by the cardiac output per beat and the heart rate. Gessel*! studied the factors 
involved in maintaining an adequate circulation in animals with complete heart 
block. He found that the increased inflow in the heart during the long diastole 
increased the volume output per beat because of (1) increase in the length of 
ventricular fiber which increases the strength and duration of contraction, (2) 
increased initial intraventricular tension which also augments the strength of 
contraction, and (3) altered surface-volume relation which influences the effec- 
tiveness of a given muscle shortening due to the fact that the volume of a sphere 
increases more rapidly than the surface, thus causing a greater output per unit 
of shortening of muscle. It further increases the amount of liberated contractile 
energy by retarding muscle shortening during the early part of systole, thus 
increasing the amount of liberated contractile energy, also augmenting the 
efficiency of available contractile energy because the intraventricular surface 
over which the available energy is spread decreases as systole progresses. Groll- 
man™ has shown that in normal subjects under basal conditions the cardiac 
output for the individual is remarkably constant from day to day, varying from 
3 to 4.6 liters per minute or 60 to 70 c.c. per beat. Exercise increases these figures 
up to 19 to 37 liters per minute with an output per beat of 100 to 200 cubic 
centimeters. Grollman found that the maximum output in a trained athlete 
was 208 c.c. per beat. Studies of cardiac output in complete heart block in man 
have been complicated by the fact that it has usually been associated with other 
pathologic changes in the heart which of themselves interfere with cardiac output. 
Liljestrand and Zander*® studied the case of a 20-year-old man who was able to 
indulge in strenuous activity despite the presence of complete heart block. They 
found that at rest with a rate of 37 beats per minute the output per beat was 
123 c.c., giving a minute volume of 4.5 liters. After strenuous exercise the heart 
rate rose to 94 per minute and the output pe: beat to 174 c.c., giving a minute 
volume of 16.4 liters, which was only slightly below that of a normal individual 
taking the same exercise. Lunsgaard*‘ found a similar increase in output in a 
case which he studied. Alt, Walker, and Smith” investigated two cases and found 
the reaction not significantly different from normal. In one of these cases the 
heart increased in rate during the exercise, while in the other it decreased slightly, 
but this was somewhat compensated for by a greater output per beat. Stewart 
and co-workers,” in four cases which had other complicating cardiac pathology 
but no congestive failure, found that at rest the minute output was decreased 
in three and normal in one and the output per beat was increased or only slightly 
decreased. At rest all the patients fell within the zone of normal circulatory 
function. 
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Although the increased output per beat is the most important factor in the 
maintenance of circulatory efficiency in complete heart block, it is evident that 
the higher the heart rate the more easily a normal circulation can be sustained. 
In younger patients the rate of the idioventricular rhythm is usually faster. It is 
also apparent that those patients in whom the heart rate increases during exer- 
cise are more likely to be able to indulge in normal activities than those in whom 
the rate remains stationary. Campbell and Suzman showed that in congenital 
complete block the heart, as a rule, quickens to some extent on exercise. 


Clinical Aspects: Many cases in the age group under consideration present 
no symptoms at all and are able to live a normal life. The symptoms and even 
the physical signs are determined more by the presence of other abnormalities 
which may be present. Adams-Stokes seizures are not common in younger 
individuals and sometimes, when they have been present, have disappeared not 
to return. 

The blood pressure may be normal or the systolic pressure may be elevated 
and the diastolic decreased, thus giving an increased pulse pressure. The heart 
may be normal in size or increased to a variable extent. Provided the heart 
muscle is reasonably normal and no other serious cardiac handicap, such as 
valvular disease or gross congenital abnormality, exists, there are no signs of 
heart failure. 


Prognosis: Where the complete heart block is the main abncrmality the 
outlook is good as a rule and the patients are able to lead a normal life. This 
can be seen in two of our cases (Cases 3 and 4), both of which had no symptoms 
even on strenuous exercise. Case 3 had two normal pregnancies without diffi- 
culty and Case 4, one; she was again pregnant at this writing and no abnormal 
symptoms were present. Jansen*? found reports in the literature of fourteen 
cases where complete heart block was a complication of pregnancy. Diddle*® 
reported another, and Mitchell, Fettes, and Hollander?® reported from our 
clinic the first pregnancy in Case 3. The fact that in many cases in younger age 
groups the complete block was found on routine examination when the patient’s 
complaints did not suggest any abnormality of the cardiovascular system further 
supports the view that of itself the complete block is not of serious import, as a 
rule, in younger individuals. It is probable, however, that in older life when 
coronary sclerosis appears they will develop a greater limitation of activity than 
normal individuals under similar circumstances. 

As was stated above, Adams-Stokes seizures are not common in the group 
under consideration. Their presence is always serious and when they become 
frequent the outlook is poor. However, even when present in early life, these 
seizures have sometimes disappeared and the patient has led a normal life there- 
after. Although sudden death in young individuals with complete block is very 
rare, this possibility, due to a sudden failure of the idioventricular rhythm to 
function, always exists. 

The prognosis appears to depend mainly on the presence or absence of serious 
complicating cardiac pathology and not on the complete heart block per se. 
The outlook is best in cases of congenital block unaccompanied by other serious 
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congenital lesions and in cases which may have been due to diphtheria in early 
life. Likewise in trauma, if only the bundle is damaged, the prognosis is good. 
It is much worse in cases in which rheumatic fever or syphilis are the causative 
factors and is poor when coronary disease is the cause. When a tumor, an 
abscess, or an ulcerative process has severed the bundle the prognosis is usually 
extremely bad. 


SUMMARY 


1. Fourteen cases of complete heart block in individuals below the age of 
forty are described. Two of these were of congenital origin, six were due to rheu- 
matic fever, two to arteriosclerosis, three were probably of. congenital origin, 
although the evidence was not conclusive, and in one no cause could be deter- 
mined even after autopsy. 

2. The etiological factors, the clinical features, the pathology, and the 
physiologic adjustments in such cases are discussed. 


We wish to thank the various physicians at Kings County and Long Island College Hospitals 
for permission to utilize their records, 
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THE HEART SIZE IN NEUROCIRCULATORY ASTHENIA, EFFORT 
SYNDROME, OR ANXIETY NEUROSIS 


Jacques CAaRLotTTI, M.D., MANDEL E. COHEN, M.D., AND PAUL D. WuiTE, M.D. 
Boston, MAss. 


[* THE course of a completed investigation! of a series of patients, mostly 
soldiers, with neurocirculatory asthenia, anxiety neurosis, or effort syndrome, 
during the years 1942 to 1945 inclusive, the size of the heart was studied by tele- 
roentgenogram and the results are herein recorded. 

In the past there have been several reports of investigation of heart size 
in neurocirculatory asthenia or effort syndrome in the majority of which em- 
phasis has been placed on the apparently small size of the heart shadows. How- 


ever, the selection of cases has not always been on the basis of the symptom 
complex and, therefore, on occasion the studies have been concentrated on, or 
even limited to, slender individuals with a tendency to vertical heart position. 

Meakins and Gunson? in 1917 studied ‘fifty patients with this condition 
orthodiagraphically. They found the average transverse diameter to be 12.8 cm. 


in contrast to the normal given in Dietlen’s tables of 13.4 centimeters. In 1920° 
they wrote that the transverse diameter of ‘‘the heart in cases of so-called irritable 
heart is on the average somewhat smailer (0.7 cm.) than normal.” 

Bertnard Smith’ in 1920 studied 119 cases of effort syndrome in which 
measurements of the heart of men were made in the standing position with the 
target six and one-half feet from the plate. He stated in his summary that 
“cases of effort syndrome in which symptoms have persisted for a long time, 
have smaller hearts than normal when compared by measurements of transverse 
diameter, area, and volume Patients who acquired the effort syndrome 
during active duty showed silhouette measurements that are well within the 
normal range for area and volume.’ 

Rothschild’ in 1930 reported a study of 218 cases of neurocirculatory asthenia 
and stated that ‘x-ray and fluoroscopy have contributed many interesting 
findings. The hearts are often small, occupying the medial portion of the chest. 
The left border, often extending no further to the left than the right border to 
the right.’” No measurements were given. 

Master in 1943° and 19447 studied thirty cases confined to the slender or 
asthenic type of individual ‘‘with low diaphragm and smali heart.”” He reported 
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that “the total transverse diameter in the posterior-anterior view is usually 
between 9 and 12 cm., which is definitely below the average adult size of 12 or 
14 cm. or more.” 

Friedman® in 1945 presented the size of the heart in twenty patients with 
neurocirculatory asthenia. He compared teleroentgenograms of these patients 
with those of fifteen normal young adults. He found that the average cardio- 
thoracic ratio of the patients with neurocirculatory asthenia was 0.407 while 
that of the controls was 0.402. He considered the heait of his patients with 
neurocirculatory asthenia to be normal in size. 


PRESENT STUDY 


We have measured the cardiac diameters and areas of sixty-seven patients 
with neurocirculatory asthenia, fifty with chronic neurocirculatory asthenia, 
and seventeen with acute neurocirculatory asthenia; and have compared them 
with similar measurements of fifty healthy subjects chosen in the same age 
group, between 20 and 30 years of age, and also with the measurements of twenty- 
two young men who have been ill for a long time with tuberculosis. The division 
between chronic and acute neurocirculatory asthenia was made on the basis of 
history alone. Those who had a life-long course or who could never do hard work 
or engage in athletics were designated ‘‘chronic neurocirculatory asthenia;”’ 
those who gave convincing evidence of good health, ability to do muscular work 
or athletics, and nervous stability previous to the onset of illness were designated 
“acute neurocirculatory asthenia.’’ The healthy subjects were normal hospital 
interns who had chest x-ray films taken incident to routine physical examination. 
The neurocirculatory asthenia patients were ambulatory hospital patients and 
were mildly active around the hospital. Previous to hospitalization they were 
performing various duties, mainly in military service. The patients with tuber- 
culosis were ail sanitarium patients and were relatively inactive. The x-ray 
photographs were taken at six feet, at maximum inspiration for the neuro- 
circulatory asthenia and healthy control group, and during quiet breathing for 
the tuberculous control group. The following technique of analysis was used. 
A record was obtained by teleroentgenogram in the anteroposterior view.* The 
cardiac outline was traced on drawing paper by superimposition and the fol- 
lowing diameters were measured: transverse (7), long (LZ), broad (B), and left 
ventricular chord (LV). The area of the heart shadow (A) was measured by a 
planimeter after arbitrarily joining the outer and visible ends of the upper and 
lower borders by flat curves. Every area was measured three times and checked, 
on occasion, by other observers. The mean of the three measurements was taken. 

The average measurements for the various groups are presented in Table I. 
This shows consistently slight, but statistically insignificant, differences between 
the mean diameters in chronic neurocirculatory asthenia as compared with the 
healthy control subjects. 

The difference in heart area between chronic neurocirculatory asthenia and 
controls is statistically significant; however, when adjustments are made for the 
fact that the heaithy controls were larger men than the neurocirculatory asthenia 
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TABLE I. COMPARISON OF CARDIAC DIAMETERS AND AREAS FROM X-RAY FILMS OF Flirty 
HEALTHY CONTROL PATIENTS, Firty PATIENTS WiTH CHRONIC NEUROCIRCULA- 
TORY ASTHENIA, SEVENTEEN PATIENTS WITH ACUTE NEUROCIRCILATORY 
ASTHENIA, AND TWENTY-TWO PATIENTS WITH 
PULMONARY TUBERCULOSIS 


| 
HEART SIZE HEALTHY CHRONIC NCA ACUTE NCA 
(50) | ) (17) 


T cm.* 
B cm. ; 10. 
LV cm. 10. 
L cm. ; 14. 
Area cm.? 107. 


Significance ratios of differences between means of healthy control subjects and chronic neuro- 
circulatory asthenia are for T= 1.07, T/TH = 0.50, B = 1.00, LV= 1.54, L = 1.54, all not significant; 


Area = 3.33, significant. 
*T refers to transverse cardiac diameter; B, the broad diameter; LV, the left ventricular chord; 


L, the long diameter; and TH, the thoracic diameter. 


patients, even the slight differences become negligible. The adjusted heart 
area size per square meter of body surface (heart area in cm.?/body surface in 
M.*) for fifty healthy controls was 58.7 and for fifty chronic neurocirculatory 
asthenia patients, 56.8 (Table II); the significance ratio of the difference between 
these means is 1.29 and this difference is not statistically significant. 

Table II summarizes the data when all diameters and areas in each case 
are adjusted for body surface area, using the tables of Roth;! and when trans- 
verse diameter (T) of heart is adjusted (7/TH) for thoracic diameter (TH), 
shows that with body size taken into account there is no adequate basis for the 
conclusion that neurocirculatory asthenia is characterized by a small heart. 
Table III demonstrates this same point in a somewhat more familiar, although 
mathematically less accurate, form. 

Table IV presents all the data from each case for healthy controls and 
neurocirculatory asthenia patients. The transverse diameters are almost identi- 
cal and the cardiothoracic ratios exactly the same in the two groups. The average 
long diameter is slightly and insignificantly greater in the controls as is also the 


TABLE II. MEANS OF MEASUREMENTS OF HEART DIAMETERS AND AREAS FROM X-RAY FILMS, 
AFTER ApjJuUSTING EaAcu INDIVIDUAL MEASUREMENT For Bopy SIZE 


HEART SIZE HEALTHY CONTROLS | CHRONIC NCA 
(ADJUSTED FOR PATIENT'S BODY SURFACE AREA) | (50) (50) 


T cm. 

L cm./M.2 

B cm./M.2 
LV cm./M.? 
Area cm.?/M.2 


Dd 


Adjusted for thoracic diameter 
T/TH 


rBc. 
(22) 
5 11.6 
7 10.4 
5 10.4 
3 14.2 
6 98.4 
6.59 81 
7.65 84 
5.81 81 
.62 
58.70 HE. 83 
0.39 0.39 
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TasLE I'I. COMPARISON OF MEAN CARDIAC DIAMETERS AND AREAS FROM X-RAy FILMS OF 
Firty HEALTHY CONTROL SuBJECTS, Firty PATIENTS WITH NEUROCIRCULATORY 
ASTHENIA, AND TWENTY-TWO PATIENTS WITH PULMONARY 
TUBERCULOSIS ADJUSTED FOR MEAN Bopy 
SURFACE 


MEAN HEART SIZE CONTROL 
MEASUREMENTS 


T cm. 

B cm. 

LV cm. 

L cm. 
Area cm.? 


Mean Body Size 
Ht. cm. 
Wt. kg. 
SA-M* 


SA-M?= Body surface area in M?. 


*All mean heart size measurements mul‘iplied by 
1.81 


1.91. 


+All mean heart size measurements multiplied by —— 
1.73 


broad diameter and the left ventricular arc. When adjustments are made for 


body size there is practically no difference between the two series; in fact, the 
cases of neurocirculatory asthenia seem to show very slightly larger hearts as 
far as diameters are concerned but this is not statistically significant either. 


In this study the difference between the cardiac areas of the patients with 
neurocirculatory asthenia and those of the controls was —8.9 per cent, but after 
correction for body surface the difference was —3.3 per cent (Tables I and III). 

In the case of the twenty-two tuberculous individuals the measurements 
were slightly less than those of the neurocirculatory asthenia group, but with 
correction, according to body size and measurements, compared closely. 


DISCUSSION 

It is of interest, that all averages for heart measurements were smaller in 
neurocirculatory asthenia than in healthy controls. However, only the heart 
area measurements were significantly different statistically in neurocirculatory 
asthenia and controls. The patients also proved to be smaller men than were 
the healthy controls. 

When adjustments were made for body size none of the measurements was 
statistically different in neurocirculatory asthenia as compared with healthy 
controls. Of course, the question arises whether such adjustments are precisely 
valid. There is no question that in general larger men have larger hearts than 
smaller men; however, the validity of adjusting heart size for body surface area 
is open to some question.!° 

From our data, then, we were unable to show any statistically convincing 
evidence that demonstrated unusual heart size in neurocirculatory asthenia. 

At first glance, Table I seems to provide evidence that heart size varies 
with the activity of the patient, since the healthy men had largest measurements. 


A.” 
(50) (22) 
12.5 12.9 12.7 
11 11 11.4 
10.6 10.6 11.4 
14.6 14.9 14.9 
111.8 108.2 108.2 
- | 177 175 174 
¢: 73 69 60.7 
y 
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TABLE IV. MEASUREMENTS FROM TELEROENTGENOGRAMS OF HEART DIAMETERS AND AREAS 
IN HEALTHY CONTROL SUBJECTS, CHRONIC NEUROCIRCULATORY ASTHENIA, AND IN ACUTE 
NEUROCIRCULATORY ASTHENIA 


ASUREMENTS HEART MEASUREMENTS 


| 
| AREA | TH. | | 
(CM.) (CM.) 


<G.) | (M.)? | 


~ 
~ 


: 


ANW wh OWSSHAN FONE 


1 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
2 
1 
1 
2 


OW OW 


1 
1 
1 
1 
2 
2 
2 
2.0. 
I 
1 
1 
1 
1 
1 


Mean | 177.33 | 1.907 ; .391 14.56 


{ 
| 
| 
BODY 
| | | 
NO. 
| HT. | WT. LV | AREA 
| (CM.) ( (cM.) | (cM.)? 
| 
Fifty Healthy Controls 
1 | 171. 78 .90| 14 | 107.8 
2 173. 49 | 1( | 99.9 
3 | 180. | 75 94] 11 | 90.1 
4 183. 71 | £93 13 | 125.7 
5 | 181. 74.5 | 11 | 119.9 
6 | 181. 75 | 3 13 | 120.0 
7 | 176. 65.5 | [82] 3 i1 | 102.0 
8 | 185. 81 05 | 11 | 116.6 
9 | 178.0} 82 99 | | 12 | 110.2 
10 187. | 122.5 
1) | 111.3 
12 16 | 70 | 81 | . | 12 89.1 
| 1 | 84 13 | 3.3 
| 68 86 | 14 | 141.8 
5 | 1 68 89 | | 12 | 122.3 
16 «17 76.5 93 | 3 12 | 107.9 
17 | 16 65 71} 3 | a3 109.6 i 
18 | 17 75 90 | 3 13 116.4 
| 17mm | 67 s4| 12 130.0 
20 18mm | 76 95| 3 13 | 108.8 
21 16 64.5 73, | 12 | 103.5 
22 18 77 00} | 128.9 
23 18 87 11 | 12 130.3 
24 17M | 72.5 at | 13 | 113.0 
25 | 78 | 12] | 115.6 
26 17 66 | 79 | 98.8 
27 72.5 97 | | 11, } 113.7 
28 18 81.5 04 | 3mm | 12. | 107.3 
29 «| «17 | 70 4} 3 | 13. 121.2 
30 18MM) 75 5 | 10. 103.4 
31. «179.0 75.0 | | 13. | 118.3 
32 160.0} 61.3 3| 2M | 15. | 93.1 
33 170.0} 80 2] 3 | 12 | 113.7 
34 183.0] 79.5 | 2) | 107.6 
35 | 180.0} 90 11. 97.8 
36 =| 183.0] 81.3 3] 3 | 13. | 136.7 
37. 76.8 | 3 12 | 104.2 
38 «176.5 | 85.8 | 14. | 108.8 
39 =| 180.0} 75 | 3 12. | 111.8 
40 | 176.5} 70.3 5} 3 11. | 95.9 
41 | «176.5 | 68 | 12. | 115.0 
42 | 173.0] 68 | | 100.0 
43 | 180.0] 70.3 | | 3 11. | 107.2 
44 | 179.0] 78.3 | | 3 | 13. 124.9 
45 | 184.0! 75 11. 103.3 
46 171.5] 65 | 118.4 
47 Z 112.7 
48 118.2 
49 | | 94.0 
50 6 | 108 | 
| 10.96 | 10.58 | 111.75 
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TABLE IV.—Cont’p 


BODY MEASUREMENTS HEART MEASUREMENTS 


SURFACE | | 
HT. | WT. AREA TH. ; L B LV 
(cmM.) | (KG.) (mM.)2 | (cM.) | (cM.) | (cm). | (cMm.) | (cM.) 


Fifty Chronic Neurocirculatory Asthenia 


44 


26.8 
32.0 
29.8 
32.2 
29.0 
29.0 
33.0 
29.8 
29.2 
2 
2 
4 
0 
8 
2 
2 
6 
8 


— 


33. 
$1. 
33. 


ow 


00 00 10 00 00 00 Din = 


¢ 
WOU WOH 


6 | 


175.20 | 68.54 
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“AS 
NO. 
| AREA 
(cM.)é 
160.0} 51 | 1.51 | 12.0 | | 14.0| | 10 
| d 2 171.5 | 83 | 1.95 11.2 | 14.4 | | 10 
| 3 171.0} 54 | 1.63 10.6 | i | 12.0 | | 9 
4 | 173.0] 63.5 | 1.76 11.0 | 12.3 | 
5 | 184.0] 68 1. 86 11.1] .38 | 12.4 | 
6 175.0 | 62 1.76 11.1} .38 | 13.5 | | | 10 
7 | 172.0] 74.5 | 1.89 11.7] .35 | 13.6 | 9 
8 165.0 | $2.5] 1.57 10.9} .36 | 11.1] | 9 
9 172.5 | 58 1.68 11.1] .35 | 11.9 | 2 
10 165.0} 64.5 | 1.67 12.0} .41 | 14.2 | 10 1¢ 
11 180.0} 72.5] 1.90 } 12.5] .37 | 16.1] 12 
12 | 173.0] 72.5] 1.85 12.4] .39 | 14.1 | | 10 
| 13 163.0] 62 1.67 | | 12.1} 36 | 13.4 | | 9 ¢ 
14 | 180.5 | 71 | 1.97 | 11.9] .37 | 13.3 | 109%} 9 
15 | 161.5 | 57.0) 1.59 11.6] .38 | 14.1 | 10 
16 | 180.0} 70.5} 1.90 12.9] .40 | 14.3] 10] 11 
17 | 166.0] 59 1.67 11.0} .36 | 15.2 | | 11 1¢ 
18 180.0} 91.5] 2.12 12.3) (37 | 13.6 | om) « 
19 | 165.5} 76.5] 1.74 12.0} .38 | 13.6 | 
20 178.0 | 86 2.03 | 35.0} 15.5] .44 16.0 | | 11} 11 
21 165.0] 49 | 1.52] 27.2] 10.8] .39 | 12.4 | | g 
22. 177.5 | 61 1.76 | 29.6} 11.2] .38 | 13.0 | | 8 
23 184.0 | 83 2.06 | 31.4] 12.9] .39 | 14.8 11 
24 «| «178.0| 82 | 1.99] 30.0] 14.2} .47 | 17.2) 12 
25 | 162.5] 54 1.56 | 29.8] 10.8] .36 | 13.5 | | 9 
26 181.5 | 69.5] 1.90] 36.2] 12.7; .35 | 13.9] | 0| 9 
27, | «172.5 | 67.5] 1.81] 31.0] 12.4 40 13.8 | | | 9 
28 168.5 | 93 2.03 | 33.6| 14.6] .43 19.2 | 11.4) | 11 
290 | 166.0} 62 1.69] 27.8] 13.5] .48 | 12.8] 10. | 9 
30. 183.0] 82 1.92] 29.6] 12.6] .42 14.1] 11. | | 10 
31. | «174.0 | 65 1.78] 29.8] 10.4] .35 11.6} | 8 
32 «173.0 | 68.5] 1.81] 32.8) 12.7| 38 | 14.6] 10.0) 11 
33. «175.0 | 73 1.88 | 32.6/ 12.6] .38 | 13.6} 10. | 10 
34 | 175.0 | 63 1.77 | 30.0] 13.0] .43 15.4] 11.7 | 123 
35 177.0] 74.5] 1.91] 33.2] 13.3] .40 | 15.2] 11.8] | 126 
36 178.0] 76 1.88] 31.8] 11.0] .34 | 12.7] 10.8 | | 89 
37 «170.0 62 1.72 | 30.8] 11.8} .38 | 14.2] 10.8] | 98 
38 «180.0 | 66 1.84] 31.6] 12.3] .38 15.2] 11.2] 116 
39 «183.0 | 73 1.94] 31.4] 12.4] .39 | 14.6] 11.6] 119] 119 
40 | 185.5] 99 2.23 | 37.6] 19.3] .40 | 18.7] 10.9] 132 
41 | 175.0] 65 1.80] 34.0] 16.0] .47 | 18.0] 11.5] 12MM} 143 
42 | 175.0} 75 1.92] 31.6] 13.5] .42 14.0] 11.8} 116 
43 | 166.0} 54 1.58 | 30.0] 13.9} .46 14.4| 12.0] 109M) 116 
44 | 170.0} 71.5 | 1.82] 31.8] 13.2] .41 15.2] 12.0) 10MM] 125 
45 171.0.| 73 1.85} 31.0] 11.3] .36 | 13.9| 93] 109%) 88 
46 | 173.0] 60 1.72] 29.0} 9.3] .32 12.8} 9.0] 86) 
47 | 162.0} 53.5| 1.57 | 29.4 37 12.3/ 94] 8 80 
48 | 183.0] 68.5} 1.89] 30.0] 11.2} .37 15.0| 10.8] 10 111 
49 | 173.0] 62 1.73] 30.2} 11.0] .36 | 13.4] 100] 9 92 
50 | 176.0] 72 1.88 | 32.6] 13.4] .41 | 15.4] 10.2 | 10.5gg 102 
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TABLE IV. MEASUREMENTS FROM TELEROENTGENOGRAMS OF HEART DIAMETERS AND AREAS 
IN HEALTHY CONTROL SUBJECTS, CHRONIC NEUROCIRCULATORY ASTHENIA, AND IN ACUTE 
NEUROCIRCULATORY ASTHENIA—CONT’D 


BODY MEASUREMENTS HEART MEASUREMENTS 


SURFACE 
HT. |} WT. | AREA 


| 7m | £ | T/TH. L B LV | AREA 
(cm.) | (KG.) | (M.)? (cm.) | (cM.) | (cm.) | (cM.) | (cM.) (cM.)? 


| 
| 


Seventeen Acute Neurocirculatory Asthenia 


| 
| 
‘ 


| 
| | 
| 


14.3 
16. 
14. 
14. 
14. 
15. 
16. 


— 


COOK OOK CWO 


| 


— 


| 
} 


| 


.386 | 14.34 | 10.7 


SON OF COMA OW 


WON WhO 


| 
5.0 
3.0 
0 
5 
3.0 
5 
0 
3.0 
0 
3.0 
0 
0 
5.0 
0 
0 
0 


| 


we 
~ 


the inactive tuberculous patients the smallest, and the relatively inactive neuro- 
circulatory asthenia patients had intermediate measurements. Table III, how- 
ever, shows that when body size is considered along with heart measurements, 
the data do not provide conclusive support to the idea that heart size is auto- 
matically related to muscular activity. However, the other associated factors 
make the problem sufficiently complex so that this study does not conclusively 
demonstrate the reverse either. 


SUMMARY AND CONCLUSIONS 


Heart diameters measured from teleroentgenograms of sixty-seven neuro- 
circulatory asthenia patients were all slightly smaller, but not significantly so 
statistically, than the heart diameters in fifty healthy men. 

Heart area was significantly smaller, statistically, in patients with neuro- 
circulatory asthenia as compared with the heart area of healthy controls. 

However, the patients with chronic neurocirculatory asthenia were slightly 
smaller in height, weight, and surface area than were healthy control subjects. 

When heart areas and heart diameters were adjusted for body surface area 
of each individual subject, we were unable to demonstrate any statistically 
significant differences between neurocirculatory asthenia and normal controls 
in heart area or heart diameters. 


= 
No. | 
10.1 | 105.6 
12.2 | | 138.9 
11.3 | | 107.5 
| 10.8 | 111.3 
| 10.0 | 104-4 
} 11.4] 1 125.5 
| 11.0} 121.6 
| 9.8 | | 98.0 
| 10.0 | | 90.1 
| 9.9 | | | 100.0 
| 10.2 | | 91.6 
9.9 | | 100.8 
| 10.8 | 94.8 
| 11.3] 10 116.0 
| 11.3} 10 107.2 
| 10.6 11 98.4 
17 | 16 | 11.8] 10 117.2 
Mean | 173.44 | 67.91 | | 12.50) 10.52 | 107.58 
| 
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Heart sizes in healthy controls, acute and chronic neurocirculato ry asthenia, 
and tuberculosis were not very different when adjustments were made for body 


size. 
Our studies do not reveal statistically valid evidence for the statement that 


neurocirculatory asthenia is characterized by a small heart, if the body size of 


the individual is considered. 
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INTERPRETING THE ELECTROKYMOGRAM OF HEART 
AND GREAT VESSEL MOTION 


B. R. Boone, M.D.,* W. Epwarp CHAMBERLAIN, M.D.,f F. G. M.D.,} 
G. C. Henny, M.S., M.D.,§ AND M. J. OpPENHEIMER, M.D.” 


PHILADELPHIA, Pa. 


INTRODUCTION 


HE recent development of the electrokymograph utilizing the roentgeno- 

scope’ has provided an apparatus for the convenient recording of heart 
border motions in the human subject. Points on the silhouettes of the various 
chambers and great vessels may be selected fluoroscopically and as many cycles 
of motion as desired may be recorded on the standard bromide paper of an elec- 
trocardiographic recorder, with minimal cooperation from, and no inconvenience 
to, the subject. The resulting records are familiar in appearance. 

In its functioning as the circulatory pump, the heart undergoes a con- 
tinuously repeated pulsating motion. Several methods of graphically recording 
this motion have been devised. From these methods it has been established that 
each chamber of the heart and each great vessel has its characteristic motion, 
and that this motion is altered in the presence of cardiovascular disease .!*°**"* 

Among these previous recording methods, that of the roentgenkymograph 
is the best known. Much good work has been accomplished by means of this par- 
ticular apparatus. The electrokymograph complements the work of the roent- 
genkymograph. It produces records (the ‘‘electrokymogram”’) with adequate 
detail of any desired duration, and readily lends itself to the simultaneous record- 
ing of other cardiodynamic phenomena, such as the pulse (carotid), the electro- 
cardiogram, or the stethogram. When such known phenomena are recorded 
simultaneously on the same time axis with the heart motions, the significant 
points on these familiar curves may be projected to the motion curves. The 
established physiologic meanings of such points, and intervals between points, 
thereby can be utilized in the analysis and interpretation of the electrokymo- 
graphic curves. 

It is accepted that the time relationships of various landmarks on the elec- 
trocardiogram are not precisely correlated with the dynamic heart cycle (opening 
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and closing of auriculoventricular, aortic, and pulmonic valves, and so forth). 
lor example, the earliest demonstrable evidence of the isometric systolic con- 
traction phase of ventricular activity may vary in its point of coincidence on the 
QRS complex. For this reason, the electrocardiogram is not particularly suitable 
for establishing the time relationships of the events recorded in the electrokymo- 
gram. 

Heart sounds originate from mechanical events and, therefore, could be used 
as the ‘“‘timers’’ of the various ‘‘events” shown by the electrokymogram. How- 
ever, some technical difficulty is encountered when this is attempted. When the 
microphone is placed on the precordium it interferes with the alignment of the 
pickup unit of the electrokymograph. 

We have found pulse tracings to be most satisfactory for this important work 
of establishing the time relationships of observed points on the heart motion 
curves. Theoretically, one could employ either venous or arterial pulse tracings 
for this purpose. From a practical standpoint we have found the carotid pulse 
tracing most suitable. 

Multibeam recording apparatus is available, permitting simultaneous record- 
ing of a number of these cardiodynamic and bioelectric phenomena, but such 
instruments are not common and are expensive. Investigations with such appa- 
ratus are very desirable, but may well be assigned to the research physiologist. 
For the clinical radiologist or cardiologist, the commonly available, single-beam 
electrocardiograph will usually be the instrument of choice. When equipped with 


a suitable pulse recorder (carotid) and the electrokymographic pickup unit de- 
scribed elsewhere,’ it can be used interchangeably for electrocardiography, or 
for records of heart border motion. 


METHODS AND APPARATUS 


The electrokymograph is an attachment for use with the roentgenoscope. 
It consists of the photosensitive pickup unit with its power supply, the carotid 
pulse recorder, and the recording galvanometer. The photosensitive pickup 
unit is mounted on the patient side of the fluoroscopic screen so that the center 
of the lead slit aperture is in the central x-ray beam. The carotid cup is held 
securely but gently over the carotid artery by means of a convenient clamp. 
The carotid pulse signal is conducted by rubber tubing to the recording tambour 
which is mounted in the lens tube of the galvanometer optical system.* The 
heart border motion signals from the photosensitive pickup unit are conducted 
to the galvanometer after passing through a filter which effectively removes the 
120-cycle ripple in the output of the x-ray tube. 

The technique of making an electrokymographic recording is comparatively 
simple, requiring nominal cooperation of the patient, no rehearsing, and only 
a few minutes to accomplish. It is not necessary to employ any unusual factors 
in the operation of the roentgenoscope. It should be operated with voltage and 
current settings at their usual levels. (We have obtained excellent electro- 
kymographic records with as little as 6r per minute incident upon the patient’s 


*The system described here is based upon the string-galvanometer type of electrocardiograph. 
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skin.) The lead slit diaphragm of the phototube pickup is placed fairly close 
to the patient’s chest wall, and is aligned so that the heart border motion which 
it is desired to record is at all times superimposed upon the diaphragm aperture.* 
The long axis of the diaphragm aperture should be approximately perpendicular 
to the contour of the silhouette at the point being studied (Fig. 1). 


Fig. 1.—Roentgenoscopic ventral projection of patient's chest. The diaphragm only (relative size) 
is illustrated on two points of the patient's cardiac silhouette. Note that the long axis of the diaphragm 
is placed approximately in the direction of motion of the point of the heart border under investigation. 
As the heart goes into its contraction (dotted border) the shadow appears to move across the aperture. 
After the diaphragm system is properly aligned, the roentgen-ray beam is coned down by means of 
the roentgenoscope shutters to a small area as indicated by the dotted rectangle. 


The patient stops breathing on request, and the camera is started. Usually 
ten heart beats are counted, after which the camera is stopped and the patient 
allowed to resume normal breathing. The producing of a Valsalva or Mueller 
respiratory effect should be avoided. The patient may be in a recumbent or 
upright position as the conditions of examination require. Most of our records 
have been made with the patient in the upright position. This makes it easy 
to bring the various chambers or great vessels into clear silhouette, by rotating 
the patient. 


*It should be noted that electrokymographic records will exhibit greatest amplitude when the 
aperture is placed so that it is almost completely covered during the most expanded phase of the sil- 
houette (greatest percentage change in amount of x-ray reaching the pickup device). 


Re 
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FACTORS IN INTERPRETATION 


Electrokymographic records (Figs. 3, 4, and 5) show expansile or filling phe- 
nomena as upward moving limbs, and contractile or emptying phenomena as 
downward moving limbs. (The opposite could have been produced by reversal 
of the galvanometer leads.) Since we use standard electrocardiographic re- 
corders, the small vertical timing lines are at .04 second intervals. The hori- 
zontal lines are 1 mm. apart, and the paper speed is 25 mm. per second. The time 
axis is from left to right. The steeper the slope of a limb of the curve, the more 
rapid the action or movement; the less steep the slope, the slower the action. 
Changes in slope upon a limb represent changes in speed of action, and notches or 
serrations represent smaller superimposed changes of action. When a curve 
runs parallel to the moving axis of the film, the state of no motion is indicated. 
Thus recorded, the movements are found to be more complex than previously 
thought, but lend themselves to description under two main headings: Volumetric 
Factors and Positional Factors. 

Volumetric Factors: To a considerable extent the movements of the cardiac 
silhouette reflect volumetric changes. Many of the curves are surprisingly 
accurate replicas of cardiometer volume curves.!° In spite of their basic re- 
semblance to volume curves (Figs. 2, 3), certain differences may be noted. On 
the basis of similar observations in roentgenkymography. Roesler’ has said, 
‘|, . one cannot quite identify it with a ventricular volume curve, notwith- 
standing their resemblance ...’’ These variations and their causes are of 
great interest. They are contributed to by factors which may be described as 


“positional.” 


Positional Factors: The heart as a whole undergoes movement during ven- 
tricular systole and ventricular diastole because of its structure and its relation- 
ships to the great vessels. Early in ventricular systole the long axis of the 
heart shortens as the base and apex move toward each other." At the same time, 
the broad axis widens somewhat and the shape of the heart has been said to move 
from ellipsoidal to globular. This action, as will be mentioned later, frequently 
produces a small outward movement of certain portions of the ventricular wall 
early in systole, instead of the expected inward movement that would ordinarily 
accompany a decrease in volume. Roesler,’? and Wolferth and Margolies" have 
clearly demonstrated this phenomenon in roentgenkymography. 

In addition to the preceding, two other positional changes may be described: 
(1) Pendulum motion results from such factors as the straightening action of 
the aorta, and (2) rotation is brought about by the spiral arrangement of the 
ventricular muscle bundles. During systole this rotation results in ventral and 
cranial motion of the apex. In diastole this motion is reversed. These posi- 
tional charges are superimposed on the volumetric changes, and thus cause the 
difficulties of interpretation mentioned by Roesler. They may be opposite in 
direction and have a counteracting effect; or they may be in the same direction 
and have an additive effect. When present, these positional changes are ex- 
hibited principally in early systole or early diastole, as Wolferth and Margolies" 


have pointed out in cardiometric studies. 
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THE CARDIAC CYCLE OF THE ELECTROKYMOGRAM 


The cardiac cycle, as has been shown by Henderson, Wiggers, Starling, and 
others, may be divided into a series of cardiodynamic events or phases. Graphic 
records of pressure changes and volume changes of the chambers of the heart are 
available and form the basis for our interpretation of electrokymograms. 

Fig. 2 is a schematic drawing showing the application of the phases of the 
cardiac cycle to the ventricular electrokymogram. The carotid pulse tracing 
which is shown below the ventricular curve is utilized for timing. The ventricular 
curve shows two main components, one descending, the other ascending. Each 
of these is preceded by a serration. Vertical lines connect identical time points 
on the two curves and serve to identify the various phases of the cycle. Three 
of these lines (2,3, and 4) mark well-defined points on the carotid pulse tracing. 


INTERPRETIVE BASIS 


FOR 
ELECTROK YMOGRAMS 


LEFT 
VENTRICULAR 
CURVE 


CAROTID 
PULSE 
CURVE 


Fig. 2.—A schematic drawing of the method of interpreting electrokymograms of the left ventricular 
border, utilizing the carotid pulse curve for orientation. The vertical lines indicate the phases of the 
cardiac cycle. 1-2, isometric contraction phase; 2-3, systolic ejection phase; 3-4, protodiastolic phase; 


4-5, diastolic relaxation (isometric) phase; 5-6, rapid filling phase; 6-1, slowed filling phase. 


With reference to Fig. 2, the phases of the ventricular cycle are described as 
follows: 


Isometric Contraction Phase (1—2): At Point J a sufficient number of ven- 
tricular fibers are in contraction to begin raising the intraventricular pressure. 
The mitral valve is forced shut abruptly (first heart sound) and the ventricle 
is a closed chamber during this phase, with no volume, changes occurring. As 
all the fibers get into contraction the intraventricular pressure mounts rapidly 


(\ 
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Fig. 3.—Four representative samples of left ventricular electrokymograms from normal persons. 
The lower curve on each sample is from the carotid pulse. By utilizing the interpretive method illus- 
trated in Fig. 2, the various phases of the ventricular cardiac cycle may be identified. 


PULMONARY ARTERIES 


GREAT VESSEL ELECTROKYMOGRAMS 


Fig. 4.—Two sample records from aortic knobs and two from pulmonary arteries. The lower curve 
on each sample is from the carotid pulse. Of particular interest are the similarity of the contours and 
he phasic relationships of the aortic knob and pulmonary artery curves to the carotid pulse curves. 
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until at Point 2 it becomes greater than aortic pressure and the aortic valve is 
forced open. While there are no volume changes prior to the opening of the aortic 
valve, the curve may show changes (positional) because the shape of the heart is 
moving from ellipsoidal towards globular, and anterior rotation and elevation 
of the apex are under way. The effects of such positional changes may also be 
evident just after Point 2, as the aortic valve opens. 


Ejection Phase (2—3): At Point 2 the aortic valve opens, and the ventricle 
and aorta become continuous. Blood is ejected rapidly into the aorta. At 
this early point in ejection the positional factors frequently become quite prom- 
inent, the ventricular wall exhibiting a quick, brief outward motion before its 
major inward motion commences. The exact form of this serration at the begin- 
ning of the ejection phase will be found to differ in different individuals and at 
different points on the ventricular wall of a given individual. (Hirsch also has 
shown this in roentgenkymography.) As the end of ejection (Point 3) is ap- 
proached, the flow into the aorta slows because of pressure equalization, and the 
down limb frequently becomes less steep, terminating at Point 3. 


ASCENDING AORTA RIGHT BORDER 


RIGHT VENTRICLE ohg LEFT VENTRICLE OBLIQUE 


MISCELLANEOUS NORMAL ELECTROKYMOGRAMS 


Fig. 5.—The four sample electrokymograms shown here are from the ascending aorta, the middle 
right border, the middle right ventricular border, and the middle left ventricular border (left oblique 
ventral projection), respectively. The lower curve on each sample is from the carotid pulse. 


Protodiastolic Phase (3—4): At Point 3, the beginning of the pulse incisura 
marks the end of ventricular systolic ejection and the onset of protodiastole. 
This is the first phase of diastole. The incisura, Point 4, marks the closure of the 
aortic valve. The duration of protodiastole is approximately .04 second. Here 
again, the exact form of this serration will vary. 


hn 
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Isometric Relaxation Phase (4—5): The aortic valve has closed at Point 4, 
and the mitral valve is still closed. During this phase, the left ventricle is nor- 
mally a closed chamber and undergoes no volume change. An upward or down- 
ward displacement in the electrokymographic curve in this phase is interpreted 
as a ‘positional change.” 


Rapid Diastolic Filling Phase (5—6): The mitral valve opens at Point 5 
when the intraventricular pressure falls below the auricular pressure. The 
initial inrush of blood carries the ventricular wall rapidly outward and the elec- 
trokymographic curve is seen to rise rapidly to Point 6. 


Slowed Diastolic Filling Phase (6—1): The inflow of blood slows in this 
period because the pressure begins to equalize. The curve, therefore, becomes 
less steep. In the late portion of this phase auricular systole occurs, adding an 
increment to the inflow. If the heart rate is relatively slow, this increment may 
appear on the record. If the rate is rapid, auricular systole tends to be abbre- 
viated and little or no evidence of it is seen on the record. 

Figs. 3, 4, and 5 present typical curves recorded from normal young adults. 
These curves, as indicated in the captions, are from the various borders of the 
heart and great vessels. By referring to Fig. 2, the various points and cardiac- 
cycle phases on these electrokymograms may be identified. 

It will be noted that the electrokymographic curves from the left ventricles 
resemble each other in their basic patterns, but also exhibit individual variations. 
Individual variations also occur on the records from other parts of the heart and 
great vessels. These variations of the normal electrokymograms are important 
and are under further study. 


COMMENTS 


The simple mechanical method employed for recording the carotid pulse 
is not instantaneous as is the electrical method for recording the heart motions. 
Because of this it can be seen in Fig. 3 that the onset of the ejection phase of the 
carotid curve is slightly behind that of the ventricular curve. This lag is due to 
the transmission time required for the ejection impulse to travel from the left 
ventricle to the carotid artery plus the transmission time of this impulse from the 
pressure cup on the patient’s neck to the recording tambour. This small lag 
does not lessen the value of the carotid curve for timing purposes, but must be 
considered when precise time measurements are desired. 

An interesting application of precise time measurements is afforded by 
clectrokymograms from the pulmonary artery and ascending aorta. Such meas- 
urements provide means of comparing the ejection time from the right ventricle 
with that of the left ventricle. These studies suggest that electrokymograms 
may prove useful in the investigation of bundle branch block.!*"4 

Ordinarily, electrokymograms are obtained with the pickup device over some 
point on the border of the cardiovascular silhouette. When the device is deliber- 
ately placed so that its aperture is completely within the cardiac shadow, the 
cardiac cycle continues to be recorded. This occurs because changes in the thick- 
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ness of the heart produce changes in the amount of x-ray which reaches the pickup 
device. These thickness changes contribute in some measure to the record 
even when the aperture of the pickup device is in its conventional position over 
the heart shadow border. This may partly explain why electrokymograms re- 
semble volume curves as obtained by the physiologist with the cardiometer. 


CONCLUSIONS 


1. A basis for the interpretation of the electrokymogram has been pre- 
sented. Simultaneous recording of the carotid pulse serves to establish time- 
relationships. 


2. Though it greatly resembles a volume curve, the electrokymogram is prin- 
cipally a record of the movement of that portion of the heart or vessel wall which 
is aligned with the pickup device. We have shown that while such movement 
is mainly a result of volume change, the effects of “‘positional change’’ are also 
present. 


3. Electrokymograms can be obtained of any portion of the heart or great 
vessels which can be brought into fluoroscopic silhouette. 
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PITRESSIN TEST OF CORONARY INSUFFICIENCY 


ARTHUR Ruskin, M.D.* 
GALVESTON, TEXAS 


ITRESSIN has been shown by numerous investigators to be one of the most 
powerful! vasoconstrictors, particularly of the coronary arteries.’~° By the 
application of sensitive methods, Essex and associates! and Green and associates? 
have shown that pitressin produces a marked diminution of the coronary artery 
inflow in anesthetized dogs. As early as 1925 pituitrin was noted to cause 
marked bradycardia with increase in P-R interval, sinoauricular block, bigeminy, 
and T-wave changes 'n anesthetized dogs, effects which were compared to those 
of anoxemia.* Goldenberg and Rothberger’ observed the effects of pitressin in 
unanesthetized dogs to be coronary constriction, as evidenced by visible paling 
of the heart. In chloralose anesthetized dogs these authors found that pitressin 
produced electrocardiographic changes similar to those produced by asphyxia 
and coronary constriction; inversion of the T-waves often accompanying the 
marked secondary hypertension. Dietrich> confirmed the parallel findings of 
coronary constriction (Rein thermostromuhr) and of S-T and T-wave changes 
in chloralose anesthetized dogs following pitressin. Myocardial ischemia pro- 
duced by six per cent oxygen inhalations, despite increased coronary flow, pro- 
duced similar electrocardiographic alterations. In cats which had had coronary 
artery ligation one week previously, pitressin, like ouabain, exaggerated the 
electrocardiographic deviations already present.® Focal subendocardial lesions 
similar to those produced by digitalis, have been produced in cats by toxic doses 
of pitressin. The corresponding electrocardiographic changes included auricu- 
loventricular block, various ventricular arrhythmias, and S-T and T-wave 
changes of the ‘“‘coronary”’ type.?. The pathologic changes may again be com- 
pared to those produced by anoxic coronary insufficiency.*® ° 
In view of these well-known effects of pitressin in animals, the use of pitressin 
suggested itself as a test of latent coronary insufficiency, to differentiate true 
angina pectoris from other conditions associated with chest pain. The manu- 
facturers} have strongly urged that pitressin, in ampoules of 1.0 c.c. containing 
20 pressor units each, be used only subcutaneously or intramuscularly, and not 
intravenously. Parenteral administration of the usual doses of pitressin is not 
infrequently accompanied by unpleasant nausea, abdominal cramps, and a de- 


Received for publication Feb. 24, 1947. 
*From the Department of Medicine, University of Texas Medical School, and the Heart Station 


of John Sealy Hospital. 
+Parke, Davis & Company, to whose scientific director, Dr. Oliver T. Kamm, we are indebted for 


supplies of the drug. 
569 


570 AMERICAN HEART JOURNAL 


sire to urinate and defecate. It is for this reason that the effect of pitressin upon 
the human electrocardiogram has not been extensively studied. 


METHOD 


We selected for study patients considered to have angina pectoris and also 
patients whose suspicious symptoms were thought to be nonanginal in type. 
Patients with recent myocardial infarction or congestive heart failure were care- 
fully excluded. Slowly increasing doses of pitressin were used; at first, intra- 
muscularly, and finally, intravenously, in preliminary studies. For a subject of 
average weight (70 kilograms), generally satisfactory dosages were found to be 
2 c.c. (40 pressor units) intramuscularly or 0.75 c.c. intravenously injected in 
about sixty seconds. Dosages were correspondingly adjusted for marked weight 
deviations. In later studies the intravenous route has been used almost entirely. 
Slow injection and, in cases of suspected severe coronary insufficiency, smaller 
preliminary parenteral dosage, are of paramount importance in preventing pos- 
sible serious myocardial mishaps. 

Following the injection of pitressin, the systolic and diastolic pressure 
usually rose 20 and 10 mm. Hg respectively, sometimes fell temporarily (that 
is, with bradycardia, see Fig. 1), or remained constant. Electrocardiographic 
changes, even in those patients with evidences of marked myocardial damage to 
begin with, have been limited, at most, to marked sinus bradycardia, with or 
without A-V nodal escape beats, premature contractions usually of ventricular 
origin, and S-T and T-wave shifts characteristic of coronary insufficiency 
(Figs. 1-4). 

Slight precordial pain or burning ache was produced in two patients with 
clinical angina pectoris. A few instances of severe gagging with occasional slight 
vomiting were encountered in those who had just eaten and had received no 
preliminary sedation. Care must be taken not to employ coronary vasodilators 
for this purpose. Sodium pentobarbital or seconal in doses of 0.1 Gm. each 
were found to be satisfactory in the few instances in which they were required for 
proper repetition of the test. An empty stomach is a useful, but not necessary, 
prerequisite. All patients were able to control their desire to urinate and de- 
fecate. The abdominal cramps, when present, were slight. Pallor and coldness 
and, at times, burning of the face usually occurred as an immediate result of the 
intravenous administration of pitressin. 

The time intervals for the appearance of significant electrocardiographic 
changes following intravenous pitressin were empirically determined to be im- 
mediately after the injection was completed, and two, six, ten, and fourteen 
minutes later. The same intervals may be used following intramuscular in- 
jection. Changes usually occurred within six to ten minutes, and reverted to 
normal after ten to fourteen minutes. Leads I, II, III, CF, and IVF were uni- 
formly employed with the patient in the horizontal position, both for the control 
and pitressin readings. 

Twelve patients with definite clinical angina pectoris on a coronary arterio- 
sclerotic basis and ten of suspicious but indefinite ‘‘cardiac’’ pain in association 


RUSKIN: PITRESSIN TEST OF CORONARY INSUFFICIENCY 


NeLe #10929 3-27-46 PITRESSIN 


& 


CONTROL IMMEDIATELY AFTER PITRESSIN 6MIN. 9MIN. 


NeL. #10929 3-27-46 MASTER 2-STEP 
IMMED- 
| CONTROL IATELY 2MIN. 4MIN. 6MIN. 


SMIN. . 1OMIN. 


Fig. 1.—A. Pitressin test in Case 1, Table I. Clinical angina pectoris. Normal control electro- 
cardiogram. Marked sinus bradycardia, ectopic beats, lowering of T2, inversion of T, following pitressin. 
Test positive. B. Master test in same case. S-T2 depressed (tachycardia?), T, inverted following 
exercise. Test positive. 
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with hypertension, arteriosclerosis, syphilis, and anemia were tested both by 
the pitressin and the Master exercise’ tests, for purposes of comparison. Five 
normal controls had the pitressin test only. 


RESULTS 


Positive electrocardiographic indications of coronary insufficiency for both 
the pitressin and Master tests were taken to be: (1) Change from positive T, 
Tz, or Ty to a flat, diphasic, or negative T wave. (2) The sum of deviations 
(almost always downward) of the S-T segments from the controls of 3 mm. or 
more in Leads I, II, III, and IVF. These criteria follow the more rigid require- 
ments of the anoxemia test of Levy and associates!” rather than those of the 
“two-step” exercise test of Master and associates.'!? Our extensive experience 
with the Master test has forced us to adopt the more rigid criteria for the exercise 
test as well. Ina patient with a previous myocardial infarction (Case 7, Table 
I, and Fig. 3), S-T, elevation was prominent. In two patients with clinical 
angina pectoris T waves in Leads II and CF, changed from positive to diphasic 
(Case 3, Table I, and Fig. 2). Such changes were not seen in any of the patients 
whose chest pain was considered to be nonanginal or in the normal controls. 


TABLE I 
| 
BLOOD | CLINI- | ECG PIT- 
DIAGNOSIS | PRES- | CAL ABNOR- | RESSIN | MASTER 
| SURE | ANGINA MAL |POSITIVE|POSITIVE 


| 


| Hyp. art. H. D. | 200/120)? No | Yes | Yes 
| Arter. H. D. | 130/70 | Yes Suggest.| Yes | Yes 
| Arter. H. D.? | 160/100) Yes Ne Yes Yes 
| Arter. H. D. 
| diabetes | 120/80 | Yes Yes Yes 
| Arter. H. D. 180/100 ? Yes | Yes 
| Old anterior | 
infarct. 160/80 
| Old anterior 
infarct. | 160/100 Tes | Yes 
Arter. H. D. | 140/90 | No 
Arter. H. D. | 120/75 | | Yes 
Old anterior 
infarct. ? 95/65 : No 


Yes Yes 


| Arter. H. D. 120/80 | No 
| Old posterior 
infarct. 135/110) ? | Suggest. 
| Duod. ulcer 120/80 ? | Yes 
Syphilis 180/95 
Arter. H. D. ? 170/75 | 

Myelog. leukemia} 110/60 | 

Duod. ulcer 130/80 

Hypertension 150/95 | 

Hypertension 175/120) 

Arter. H. D. ? 125/75 | 

Pyelonephritis 140/80 

| Sickle cell anemia} 90/60 

| Parox. tach. 150/95 | 


| 
CASE | NAME | AGE | SEX 
65 F 
E.B. 69 M 
3|W.B. | 47 | M 
4] W.C. | 58 | M 
5/A.S. | 57 F 
6|F.G. | 56 F 
7|j.T. | 62 | M 
| | 
8; L.W. | 45 | F 
9|G.S. | 56 | M 
10; C.M. | 53 | M | 
7 | N.B. | 68 | M J 
| 49 | M 
| No No 
13 | T. B. 50 | M | No | No 
44) A.C. 49 | F | No No 
15 M.W. | 63 | F | No No 
16 | G.O. | 40 | F No No 
17| W.S. | 50 | M | No No 
18 | B. W. 35 F No | No? 
19; P.J. | 48 | F No No 
701M. | S21 OF No No 
21/0.T. | 61 | F No No 
23 | W. F. | 62 | M No No 


#12311 
IMMEDIATELY 
CONTROL AFTEK PITRESSIN 2MIN. 


Webe #12311 3-29-46 
IMMEDIATELY 
CONTROL AFTER, EXERCISE 2 MIN. 


B. 


Fig. 2.—A. Pitressin test in Case 3, Table I. Clinical angina pectoris. Normal control electro- 
cardiogram. Ventricular ectopic beats, slight depression of S-T; and S-T2, diphasie T in CF2, marked 
flattening of T in IVF following pitressin. Test probably positive. B. Master test in same Case. 
8-T depressions totalling over 3 mm., Ts lower following exercise. Test positive. 
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JeTe #12203 2-26-46 PITRESSIN 
IMMEDIATELY 
AFTER PITRESSIN | MIN. 6 MIN. 


JeTe #12203 2-27-46 MASTER 2-STEP TEST 
IMMEDIATELY 
CONTROL AFTER EXERCISE — 2 MIN. 6 MIN. 


Fig. 3.—A. Pitressin test in Case 7, Table I. Severe clinical angina pectoris. Abnormal control 
electrocardiogram: old (8 months) anterior myocardial infarct. Marked S-T elevations in chest leads, 
depressions in Leads II and III following pitressin. Test positive. B. Master test in same case. 
Slightly greater S-T: and S-T; depressions (2 mm.), Ts more negative following exercise. Test negative. 


574 
CONTROL. 8 MIN. 
A, 
| 
I 
y 
B. 


“UISSOI}IG JO (2) UOT pue ly ‘pesseidep sso] pue 


cesses 


-+ 
+ 


“NIWOT “°NINQ NIN@ 
LSSL 
69894 


*NINS °NINZ ‘IOULNOOD 
6999# 


4 


576 AMERICAN HEART JOURNAL 


Table I summarizes the results. Of the twelve patients clinically diagnosed 
with fair certainty as having angina pectoris, five showed positive pitressin and 
Master exercise tests (Cases 1 and 3, Table I, and Figs. 1 and 2, respectively). 
Three others showed a positive pitressin test and a negative Master test (Case 
7, Table I, and Fig. 3). Two patients showed a positive Master test and a 
negative pitressin test; in one of these two patients the pitressin dosage (1 c.c. 
intramuscularly) was probably inadequate. The remaining two patients, both 
of whom had definite clinical angina pectoris, showed negative Master and 
pitressin tests. All of the patients in this group who gave negative pitressin tests 
showed unfavorable electrocardiographic changes, such as depression of the S-T 
segments, but the changes were insufficient to satisfy the preceding rigid criteria 
of coronary insufficiency. 

All ten patients whose indefinite symptoms were not thought to be due to 
true angina pectoris had negative Master and pitressin tests. Some of the 
patients in the nonanginal group who gave negative pitressin tests presented 
possible favorable electrocardiographic changes, such as higher voltage of the T 
waves (Case 15, Table I, and Fig. 4), following both the Master and pitressin 
tests. 

Repeated pitressin tests, provided that the same dosage was used and pro- 
vided that the tests were done on different days, reproduced the same results 
almost exactly in most patients. Repetitions of the drug in animal experiments 
results in loss of the coronary vasoconstrictor effect.’ This should be kept in 
mind if repeated tests are contemplated. 


COMMENT 


The results which have been cited appear to establish the use of pitressin 
as a valid test of coronary insufficiency. The results obtained after pitressin 
were closely similar to the results obtained after exercise in both the clinical 
angina and pseudoangina groups, though the agreement was more complete in 
the latter group (Table I, Case 15, and Fig. 4). The pitressin test is apparently 
equivalent to the Master exercise test, and has the advantage that it may be 
used in patients unable to exercise. Even standardized exercise has extremely 
variable effects in the production of cardiac pain, as well as of electrocardio- 
graphic changes.'® This may be also true of the hypoxemia test,!! which has, 
moreover, occasionally resulted in some serious cerebral and other sequelae.!! 
In patients showing marked cardiac acceleration after exercise or hypoxia, the 
effect on the ventricular gradient may possibly cause positional S-T and T-wave 
changes simulating those of coronary insufficiency.'* In these patients, too, the 
pitressin test would seem to be of value. 

We were forced by dearth of available cases of angina pectoris to study the 
effects of pitressin in some patients who already presented definite electrocardio- 
graphic evidences of myocardial damage (Table I), in contrast to previous in- 
vestigators'!*" who have studied mainly patients whose electrocardiograms 
were essentially normal before the test. The interesting fact, therefore, is 
that the same criteria of positivity and negativity of the pitressin and Master 
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tests can apparently be applied to these patients with abnormal tracings, as well 
as to patients whose electrocardiographic patterns are originally normal. This 
may also indicate that even in cases of marked coronary sclerosis, spasm of 
some arterial branches is still possible. Thus, in the group with clinical angina 
pectoris there were five patients in whom control or previous tracings presented 
T-wave negativity, S-T depression, and even left bundle branch block, (Case 5, 
Table I). Two of these, including the patient with bundle branch block, showed 
identical positive pitressin and exercise tests; two others had positive pitressin 
and negative Master tests; and one had the opposite findings (Table I). In the 
clinical group without real angina pectoris, three cases with originally abnormal 
electrocardiograms responded negatively to both pitressin and exercise (Case 15, 
Table I, and Fig. 4), as did those presenting normal control electrocardiograms. 
It had been assumed that cases of true coronary pain generally could be dis- 
tinguished from precordial pain of noncardiac origin by the finding of electro- 
cardiographic abnormalities, spontaneous or induced by exercise or anoxia, in 
the one group, and constantly normal electrocardiograms in the other group. 
That this assumption may be false is indicated by the preceding findings. The 
response to some form of relative myocardial ischemia may better distinguish 
the two groups. 

Previous students of tests for coronary insufficiency have emphasized the 
need for excluding digitalis-treated patients, since digitalis modifies the electro- 
cardiogram in the same general way as the tests do. Two patients with clinical 
angina pectoris who had abnormal electrocardiograms had been in congestive 
failure, and were taking maintenance doses of digitalis leaf (0.1 Gm. per day) 
at the time the tests were made. In one, the pitressin and Master tests were 
both positive; in the other, the Master test was positive, the pitressin test (1 c.c. 
intramuscularly, inadequate dose?), negative. Further studies will be necessary 
to show that control electrocardiograms modified by digitalis do not actually 
interfere with tests of coronary insufficiency. On the other hand, latent coronary 
insufficiency not due to coronary disease, as in severe anemia (Cases 16 and 22, 
Table I), apparently is less liable to become manifest in the exercise or pitressin 
tests. The electrocardiographic changes in the two cited cases of anemia were 
suggestive but not diagnostic of coronary insufficiency by our criteria. 

Cases with systolic (up to 200 mm. Hg) or diastolic (up to 120 mm. Hg) 
hypertension, of which there were six in the angina group, and four in the non- 
angina group, showed a response that was similar to the response shown by non- 
hypertensive patients (Table 1). The effects of pitressin were no more untoward 
in the hypertensive patients than in others, even though the blood pressure, 
especially the systolic pressure, usually rose somewhat higher than in patients 
with normal blood pressure. Positive pitressin tests were obtained in those rare 
cases in which the blood pressure fell (for example, 160/100 to 80/40 temporarily 
in Case 8, Table I), as in the majority in which it rose. Apparently the coronary 
constrictive effect of pitressin overcomes any increase in coronary flow which 
may be due to a rise in aortic blood pressure. 

While there is some disagreement as to the degree to which pitressin affects 
the heart through the vagus nerve,'® direct myocardial effects (for example, 
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modification of cardiac output) have practically been excluded for nontoxic 
doses in animals.?_ In man, pitressin actually decreases the cardiac output in 
the first ten minutes after its parenteral injection!’ or during the approximate 
duration of the electrocardiographic changes which have been described. This 
is in direct contrast to epinephrine,’? which was formerly used as a test for relative 
coronary insufficiency on the basis that it increased the cardiac work to a greater 
extent than it increased the coronary blood flow.!* Exercise presumably has the 
same effects, and the “‘two-step’’ test the same basis, as the epinephrine test. 
Even eating apparently involves increased cardiac demands sufficient to produce 
electrocardiographic abnormalities in cases of coronary sclerosis.!® Instead of 
such an indirect effect, pitressin produces relative myocardial ischemia through 
direct coronary vasoconstriction, in which it excells other similar drugs.! 


SUMMARY AND CONCLUSIONS 


1. Pitressin, a well-known coronary artery constrictor, has been utilized 
in doses of 0.75 c.c. (15 pressor units) intravenously, or 2 c.c. intramuscularly, 
for the electorcardiographic demonstration of coronary insufficiency. 

2. The criteria of a positive test have been taken to be change of a positive 
T., Te, or Ty to a flat, diaphasic, or negative T wave, or S-T segment deviations 
totalling 3 mm. or more in Leads I, II, III, and IVF. These criteria may be 
modified by future experience. Changes in Lead CF, need further evaluation. 

3. Close parallelism was noted in the results of the pitressin and Master 
exercise tests in both the positive and negative cases. 

4. Of twelve patients with clinically typical angina pectoris, the pitressin 
test was positive in eight, or 66 per cent. In five of these eight patients the 
Master test was positive; in three, negative. 

5. In ten patients with atypical precordial pain and five normal controls, 
the test, confirmed by the Master test in the former group, was negative. 

6. Positive tests confirm the clinical suspicion of coronary pain; negative 
tests do not exclude it. 

7. The side-effects of pitressin render its general use as a test for latent 
coronary insufficiency inadvisable. In the hands of experienced investigators it 
may be useful in the evaluation and management of coronary sclerosis, particu- 
larly in younger individuals, and for experimental purposes. Pitressin must not 
be used without thorough training in its pharmacologic effects in ascending 
doses, and in the estimation of the degree of coronary insufficiency by all other 
modern methods. Otherwise serious and even fatal myocardial ischemia and 
necrosis may result. 

8. The results of the use of pitressin attest both coronary spasm and rel- 
ative myocardial ischemia as theoretical bases for clinical anginal pain. 
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Clinical Reports 


ARACHNODACTYLIA AND CARDIOVASCULAR DISEASE — REPORT 
OF AN AUTOPSIED CASE WITH A SUMMARY OF 
PREVIOUSLY AUTOPSIED CASES 


HaAjiME UyEyAMA, M.D., BERKELEY, CALIF., AND BENJAMIN 
KonDOo, M.D., AND MAURICE Kamins, M.D. 
Los ANGELEs, CALIF. 


INTRODUCTION 


INCE the original description by Marfan' in 1896 of arachnodactylia, many 

facets have been added to the clinical syndrome. The syndrome is char- 
acterized by an abnormal lengthening and thinning of the fingers and toes as 
well as the long bones, increased height, asthenic body build, dolichocephalic 
head with old-appearing features, funnel-shaped chest, kyphosis, and dislocation 
or subluxation of the lens of the eye. Numerous reports have appeared to indi- 
cate that the cardiovascular system also may be involved. 

Earlier descriptions have included cardiovascular abnormalities.'*° Spe- 
cific clinical diagnoses have been made of congenital anomalies. These ano- 
malies include patent foramen ovale,‘*'®” patent interventricular septum,” 
and patent ductus arteriosus.“* Other reports have included mitral insuf- 
pulmonic murmurs,®°** cardiac enlargement,’*! hypertension,” 
aortic regurgitation 57 gortitis,"! and atheroma of the pulmonary artery. 

Rados*! in his excellent summary of 204 cases reported up to 1940 listed 
sixty-three cases in which the cardiovascular system was involved. Cardio- 
vascular abnormalities were second in frequency to ophthalmic complications. 

In 1943, Baer, Taussig, and Oppenheimer® described two cases of sudden 
death in young arachnodactylic adults. At autopsy both pstients were found 
to have medionecrosis of the aorta. In one of the two patients an aneurysm 
was present, but no aortic rupture had occurred. In the same year, Etter and 
Glover*’ described a case in which dissecting aneurysm and rupture occurred 
in a 21-year-old man, but did not mention the presence of medionecrosis. 

The case reported in this communication is one of arachnodactylia and dis- 
secting aortic aneurysm with rupture in which histologic studies revealed medio- 
necrosis. This case fills a gap between the two cases of Baer, Taussig, and 
From the Cardiovascular Clinical Research Laboratory, Department of Medicine, University of 
Southern California Medical School, and the Japanese Hospital, Los Angeles, Calif. 
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Oppenheimer, which had medionecrosis without rupture, and the case of Etter 
and Glover, which grossly demonstrated dissecting aneurysm and rupture but 
did not include a description of medionecrosis. The infrequency of reports of 
involveinent of the great vessels in arachnodactylic cases merits the presentation 


of an additional case. 
CASE REPORT 


The patient was an unmarried Japanese (Fig. 1) who was born in California on April 29, 
1921. His past history was normal except for frequent childhood attacks of tonsillitis. He 
reached the twelfth grade in school. The family history is noncontributary. The patient had 
been doing heavy physical work without difficulty. 


Fig. 1.—Photograph of the patient demonstrating the arachnodactylic habitus. 


In Atgust, 1942, the present illness began with severe, agonizing, compressing pain over the 
anterior chest, the epigastrium, and under the left scapula; the patient stated that the pain was 
not relieved by injections. The pain gradually subsided over a period of two weeks. He stated 
that the physicians thought his liver was enlarged and they attributed the pain to this enlarge- 
ment. <A posteroanterior chest film taken at the time revealed enlargement of the heart, and a 
diagnosis of rheumatic heart disease with cardiac enlargement was made (Fig. 2). 

In September, 1942, the patient was transferred to the Granada War Relocation Center at 
Amache, Colorado. Because of his history and the diagnosis of rheumatic heart disease, he was 
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kept in bed and was frequently examined by various physicians. Except for an occasional pulse 
rate of around 96 per minute and one temperature reading of 99°F ., his temperature, pulse, respira- 
tion, and blood pressure readings remained within normal limits. His only symptoms were slight 
pain over the left scapula and over the precordium on Oct. 14, 1942. 

The patient was first seen by one of us (H. U.) on Nov. 5, 1942. He was in bed but had no 
particular complaints. Pulse rate was 68 per minute; blood pressure, 120/80; and temperature, 
96° Fahrenheit. There wasa sinus arrhythmia. The apex beat was palpated in the midclavicular 
line. Since no murmurs were heard, the diagnosis of rheumatic heart disease was questioned. 
The sedimentation rate (Cutler) was 19 mm. in one hour. The blood count showed a hemo- 
globin of 92 per cent and 4,160,000 erythrocytes and 8,500 white blood cells. On March 4, 1943, 
the sedimentation rate had dropped to 14 mm. in one hour. 


Fig. 2.—Posteroanterior roentgenogram of the chest taken August 6, 1942. Note the early enlargement 
of the aortic arch. 


By January, 1943, the patient felt well and was ambulatory. There was no dyspnea. The 
only remaining sign was tachycardia with exertion. On April 2, 1943, when fluoroscopy revealed 
diffuse enlargement of the thoracic aorta, he was hospitalized for investigation. 

Physical examination revealed an asthenic, pigeon-breasted Japanese man of 21 vears (Fig. 1). 
The temperature was 98° F.; the pulse rate, 88; and the respirations, 19 per minute. The skin 
and mucous membranes were normal. The teeth were in fair condition. The tonsils were out 
and the uvula was missing. The tongue was normal. External examination of the eyes was nega- 
tive. No glasses were used, vision was good. The pupils reacted normally to light and accommo- 
dation. There was no tracheal tug. 
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Examination of the chest revealed a diffuse pulsation over the left precordium. The apex 
beat was 11 cm. from the midline. The percussion note was normal in the second right intercostal 
space. <A loud, rough systolic murmur was heard over the entire precordium; it was most marked 
at the apex and was transmitted to the left axilla. The blood pressure was 120/80 in both arms, 
and 144/100 in both legs. A systolic murmur was heard on both sides of the thoracic and lumbar 
spines, louder on the left side. There was dullness to percussion to the left of the thoracic spine. 


The extremities were slender and long. The blood Wassermann was negative on April 3, 
and April 13. The sedimentation rate on May 4 was 16.5 mm.inone hour. On April 4, a routine 
urinalysis was normal. Blood counts on April 3 and May 4 were essentially the same as before. The 
arm-to-tongue circulation time using 5 c.c. of 10 per cent magnesium sulfate solution was 14 sec- 
onds. X-ray films showed enlargement of the aortic shadow (Fig. 3). Except for a low-grade 
fever, the patient was asymptomatic during his hospital stay. On May 11, 1943, he was sent 
home with the recommendation that bed rest be continued. 


Fig. 3.—Posteroanterior roentgenogram of the chest taken April 2, 1943 (7 months 
after Fig. 2), showing rapid enlargement of the aortic shadow. 


At home he rested most of the time. On Jan. 8, 1944, his father thought he had fever, but 
he was not sick enough to notify the-hospital. On January 11, the patient walked to the latrine 
and then to the mess hall, some thirty yards away. He ate breakfast in bed at 7:30 A.m. At 
8:30 a.m., while reading in bed, he suddenly expired. 
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Autopsy.*—On gross examination (Fig. 1) the body was seen to be that of a 22-year-old 
Japanese man. His length was 178 em. and his weight 45,359 grams. ‘The body was very pale. 
The lower jaw protruded. The thyroid appeared enlarged because of an anterior convexity ol 
the cervical spine; however, it was found to be of normal size when examined. ‘The patient 
was pigeon-chested, had round shoulders, anc the wings of the scapulae hung rather low. ‘The 
hands and feet were spider-like. The middle finger of the right hand was 10.5 em. long; the met- 
acarpal bone 8 centimeters. The right foot was 27.5 cm. long; it was 7.5 cm. wide at the phalanx, 
and 5 cm. wide at the heel. 

The cardiovascular system is shown in Fig. 4. The pericardium was smooth and shiny. The 
cavity contained 150 c.c. of serous fluid. ‘The heart appeared large and dilated; its weight was 
51) grams. Externally, a large aneurysm involved the transverse, descending, and abdominal 
aorta. It had a total length of 27 centimeters. On the left lateral border, 5 cm. distal to the 
origin of the aneurysm, was a perforation 3 mm. in diameter. When the chambers of the heart 
were opened, a slight thickening of the anterior cusps of the mitral valve with slight increase in the 
:ize of the chordae tendineae proximally was seen. The left ventricle was 12 mm. in thickness and 
appeared dilated. Examination of the aortic cusps showed fenestration of the margins. The 
coronary arteries were elevated 1 cm. above the level of attachment of the aortic valves. The 
proximal portion of the aorta was 4.5 cm. in circumference and, at a point 11 cm. distal to the 
aortic orifice, the diameter was narrowed to 2.5 centimeters. Distal to the constriction was an 
extensive dissecting aneurysm through which there had developed a well-established secondary 
channel. This secondary channel in the aortic wall communicated with the aortic lumen at the 
proximal and distal portions of the dissecting aneurysm. 

The left chest contained 3 liters of blood. The apex of the left lung contained several small 
areas of indurated and scarred tissue. The pulmonary vessels were normal. The liver and 
spleen, and the gastrointestinal, and genitourinary systems were essentially within normal 
limits. The extremities were elongated and thin. 


Microscopic Examination.—Very few round cells and an occasional polymorphonuclear leu- 
cocyte appeared in the vicinity of a few epicardial vessels. Some myocardial fibers were hyper- 
trophic. In the left ventricle one small segment beneath the endocardium showed a slight degree 
of round cell infiltration. An occasional round cell was found interstitially in various places, 
although these latter cells were so few as hardly to constitute true inflammation. The myo- 
cardium, endocardium, and epicardium, in the vicinity of the base of the mitral leaflet, showed a 
marked degree of round cell and polymorphonuclear infiltration. The round cells predominated 
and were of all types from small lymphocytes to large mononuclears. These were most numerous 
in the myocardium. There was a marked degree of fibrosis at the base of the mitral leaflet with 
some areas of degeneration and possibly fibroblastic proliferation on what appeared to be the 
upper leaflet surface. In parts of the leaflet base, there was an increase in the capillaries with 
slight perivascular round cellinfiltration. _No Aschoff bodies or other specific inflammatory lesions 
were noted. More peripheral portions of the leaflet, although superficially showing what appeared 
to bea slight degree of degeneration and acellularity without any thrombus or active inflammatory 
reactions, were of increased thickness, suggestive of old inflammatory change. 

The intima in the first portion of the aorta showed areas of hyalinization and intimal thicken- 


ing. There were a few scattered areas of round cell infiltration. “The rest of the aorta appeared 
The aorta 


somewhat edematous in places; however, it showed no specific inflammatory reaction. 
was thicker than expected in an individual of this age. There were no atheromatous changes. 
Some areas of the adventitia were more densely fibrous than normal, but there was no round cell 
infiltration in these areas. There was marked necrosis and loss of cell structure at the site of the 
tear between the original aortic lumen and the adjacent aneurysm wall. ‘These changes extended 
into the aortic wall itself toa moderate degree. The outer aneurysm wall consisted of dense, fibrous 
tissue containing a moderate number of capillaries, around a few of which were small round cells. 
There was, however, very little active inflammation. Syphilitic changes were completely absent 


*The gross pathologic examination was performed by Doctor H. Higa and Doctor H. Uyeyama 
Pathologic examination of the tissues was performed at the Fitzsimmons Hospital Laboratory, Denver, 
Colo., by Captain Sion Holley. 
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Fig. 4.—Specimen of the heart and aorta showing the extensive dissection of 
the aorta and fenestration of the aortic leaflets. 
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in the original aorta and inthe aneurysm. Moderate amounts of fibrotic aortic wall structure were 
seen in the outer wall at the lower end of the aneurysm. There was much acellular necrosis on 
the inner portions of the aneurysm wall and on the aortic wall itself. Both surfaces were almost 
completely covered by old unorganized fibrin. In spots there was infiltration of round cells and 
polymorphonuclear cells together with nuclear debris. The infiltrations found around many 
of the vasa vasora of the aortic wall, and to a lesser extent the aneurysm wall itself, consisted pri- 
marily of macrophages, a few lymphocytes, and an occasional plasma cell. The infiltrations seen 
in the adventitia consisted primarily of plasma cells. Some of the macrophages were filled with 
a dark brown hemosiderin-like pigment. The lower end of the aorta showed a little separation of 
fibers in the inner half of the media; the separation resembled noninflammatory edema. At no 
place did the microscopic changes suggest syphilis or periarteritis nodosa. The common iliac 
artery had no marked changes in its media or intima; although there was slight thickening of the 
latter which suggested early degeneration. 

At the apex of the left lung there were numerous tubercles and one area of caseation. The 
right lung showed slight atelectasis. There was no actual evidence of pneumonia. 

Anatomic Summary.—(1) Arachnodactyly, (2) medionecrosis of the aorta, (3) dissecting 
aneurysm of the aorta with rupture into left pleural cavity, (4) fenestration of the aortic valves, 
(5) elevation of the coronary ostia, (6) stenosis of the arch of the aorta, (7) ventricular hypertrophy, 
(£) mitral valvulitis (old), and (9) pulmonary tuberculosis. 


DISCUSSION 


The case presented demonstrates a dissecting aneurysm and rupture in a 
young arachnodactylic adult with medionecrosis aortae idiopathica cystica of 
the type described by Erdheim.*'-® In addition to the medionecrosis, there were 
present elevation of the coronary ostia above their usual site in the sinuses of 
Valsalva, fenestration of the aortic valves, and stenosis of the arch of the aorta. 

Medionecrosis, elevation of the coronary ostia, aortic insufficiency, and val- 
vular disease were present also in the two cases of Baer, Taussig, and Oppen- 
heimer,®® while in the case of Etter and Glover®’ there was insufficiency of the 
aortic valve. It is interesting to note that these findings have not been included 
in previous post-mortem descriptions of younger subjects (Table I). 

The question arises as to whether mediconecrosis in this case could be ex- 
plained on the basis of a congenital defect of the aorta which, although not 
apparent on histologic examination during youth, nevertheless exerted its effect 
during the period of young adulthood. Schlichter®*’ in an analysis of dissecting 
aneurysm pointed out the role of the vasa vasorum. This finding was confiimed 
independently by Mote and Carr® who, in their analysis of cases of dissecting 
aneurysm, noted medionecrosis and suspected hemorrhage of the vasa as 
a possible starting point in the production of the medial degeneration. 
Schlichter® demonstrated the occurrence of medionecrosis and dissecting 
aneurysm in dogs after interference with the vasa vasorum of the aorta. In his 
experiments the adventitial vasa vasorum of the aorta were cauterized without 
damage to the medial and intimal structures and later medial degeneration 
and dissection of the aorta were found. 

To explain the appearance of medionecrosis, dissecting aneurysm, and rup- 
ture late in the life of the arachnodactylic patient, it is suggested that there 
may be a developmental anomaly of the nutrient vessels of aorta so that they 
become progressively less able to nourish the media. Only many future post- 
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mortem examinations of similar cases will be able to demonstrate the truth or 
falsity of this suggestion. 

That other arteries could be the site of similar lesions was demonstrated 
by the second case of Baer, Taussig, and Oppenheimer, in whose cases the pul- 
monary artery showed similar medionecrosis. 

Post-mortem examination of future cases should include a demonstration 
of the vasa vasorum by injection (via the aortic lumen and the coronary arteries) 
of a radiopaque mass. Radiographic films of the aorta would then exhibit the 
extent and character of vascularization of the aortic media. Study in a similar 
manner of the pulmonary and peripheral arterial vascularization would be 


fruitful. 


CONCLUSIONS 


1. A case is presented of arachnodactyly with medionecrosis of the aorta, 
dissecting aneurysm and rupture, elevation of the coronary ostia, aortic stenosis, 


and mitral valvulitis. 
2. A review of previously reported cases with cardiovascular findings is in- 


cluded. Special emphasis has been placed on autopsied cases. 
3. A discussion is presented of the late manifestation of medionecrosis 


involving the great vessels. 
REFERENCES 


Marfan, M. A.: Un cas de déformation congénitale des quatre membrés, plus pronouncée 
aux extrémités, characterisée par l’allongement des os, avec un certain degré d’amin- 
cisseement, Bull. et mém. Soc. méd. d. hép. de Paris 13:220, 1896. 

Poynton, F. C.: Case of Atavism, Tr. M. Soc., London 26:338, 1903. 

Dubois, M.: Sur un cas de dolichosténomélie, Ann. Soc. méd.-chir. de Liége 12:896, 1912. 

Salle, V.: Ueber einen Fall von angeborener abnormer Grésse der Extremitiaiten mit einem 
an Akromegalia erinnernden Symptomenkomplex, Jahrb. f. Kinderh. 75:540, 1912. 

Boerger, F.: Ein Fall von Dolichostenomelie (Arachnodactylie), Monatschr. f. Kinderh. 
13:335, 1914. 

Von Pfaundler, M.: Arachnodaktylie, Miinchen. med. Wchnschr. 61:280, 1914. 

Neresheimer, R.: Ueber Arachnodactylie, Arch. f. Kinderh. 65:391, 1916. 

Poynton, F. J., and Maurice, W. B.: Arachnodactyly With Organic Heart Disease, Tr. 
M. Soc., London 45:21, 1923. 

Ormond, A. W., and Williams, R. G.: A Case of Arachnodactyly With Special Reference 
to Ocular Symptoms, Guy’s Hosp. Rep. 74:385, 1924. 

Piper, R. K., and Irvine-Jones, E.: Archnodactylia and Its Association With Congenital 
Heart Disease, Am. J. Dis. Child. 31:832, 1926. 

Schlack, H.: Zur Kenntnis der Arachnodaktylie, Med. Klin. 22:845, 1926. 

Baessler, F., and Schneider, J.:_ Zur Kasuistik der Dolichostenomelie, Ztchr. f. d. ges. Anat. 
(Abt. 2) 13:54, 1927. 

Moro: Ueber die neurologische Form der Arachnodaktylie, Miinchen. med. Wchnschr. 
74:1071, 1927. 

Bier, F.: Ueber einen Fall von Arachnodaktylie, Arch. f. Kinderh. 83:292, 1928. 

Ormond, A. W.: Etiology of Arachnodactyly, With Special Reference to Ocular Symptoms, 
Guy’s Hosp. Rep. 80:68, 1930. 

Ingram, W. W., and Inglis; K.: Arachnodactyly Associated With Muscular Hypotonia, 
M. J. Australia 2:238, 1931. 

Vogt, A.: Arachnodaktylie (Marfan’scher Symptom komplex) mit totaler Linsenluxation, 
Ztschr. f. Augenh. 75:388, 1931: Klin. Monatsbl. f. Augenh. 87:258, 1931. 


4, 
5: 
0. 
8 
9. 
10. 
rt. 
i2. 
13. 
14. 
£3. 
16. 


590 AMERICAN HEART JOURNAL 


18. Weve, H.: Ueber Arachnodaktylie (Dystrophia Mesodermziis congenita, Typus Marfan), 
Arch. f. Augenh. 104:1, 1931. 

19. Dvork, H. J.: Report of a Case of Arachnodactylie, Proc. Staff Meet., Mayo Clin. 7:715, 
1932. 

0. Killmna, A.: Zur Kasuistik der Arachnodaktylie, Arch. f. Kinderh. 97:206, 1932. 

1. Weill, G.: Extopie des cristallin et malformations générales, Ann. d’ocul. 169:21, 1932. 

2. Weber, F. P.: Familial Asthenic Type of Thorax With Congenital Ectopia of Lenses, a 
Condition Allied to Arachnodactyly, Lancet 2:1472, 1933. 

23. Kurz, O.: Einige Falle von Linsenektopie mit besonderer Beriicksichtigung des konstitu- 
tionellen Momentes, Klin. Monatsbl. f. Augenh. 92:193, 1934. 

24. Villard, H., Viallefont, H., and Temple, J.: | Arachnodactylie et subluxation du cristallin. 
Observation d’une famille, Bull. Soc. d’opht. de Paris, p. 384, 1934. 

25. Becker, L.: Linsenektopie in der I., (II.), und III. Generation, Klin. Monatsbl. f. 
Augenh. 94:547, 1935. 

26. Buecklers, M.: Ectopia lentis und Marfanscher Symptomenkomplex, Klin. Monatsbl. f. 
Augenh. 94:109, 1935. 

27. Francois, J.: De la pathogénie et de l’origine hypophysaire du syndrome de Marfan, Bull. 
et mém. Soc. franc. d’opht. 48:157, 1935. 

28. Morard, G.: Arachnodactylie et ectopie bilatérale des cristallines, Arch. d’opht. 52:344, 
1935 

29. Passow, A.: Analogie und Koordination von Symptomen der Arachnodactylie und des 
Status dysraphicus, Klin. Monatsbl. f. Augenh. 94:102, 1935. 

30. Puglisi-Duranti, G.: Su i colobomi tipici della coroide e su id colobomi della regione macu- 
lare. Coloboma maculare unilaterale e aracnodattilia, Boll. d’ocul. 14:1444, 1935. 

31. Burch, F. E.: Association of Ectopia Lentis With Arachnodactyly, Arch. Ophth. 15:645, 
1936. 


32. Calogero, V. N.: Contributo allo studio della sindrome di Marfan, Boll. d’ocul. 15:847, 
1936. 

33. Kurz, O.: Irisveranderungen durch Lues bei kongenitaler Ectopia lentis (Beitrag zur 
Pathologie des Manfarschen Syndromes), Arch. f. Augenh. 109:592, 1936. 

34. Lodi, G.: Arachnodactylia, Arch. ital. di pediat. 4:61, 1936. 

35. Westendorff, E. G.: Ueber Arachnodaktylie, Kinderarztl. Praxis 7:393, 1936. 

36. Charamis, J.: Le syndrome de Marfan, Arch. d’opht. 1:1067, 1937. 

37. Fischbach, H.: Beitrag, zur Klinik der Arachnodaktylie und Hinweis auf die Erblichkeit 
des Leidens, Ztschr. f. Kinderh. 58:630, 1937. 

38. Goedl, H.: Arachnodaktylie mit kongenitalem Uvea-Linsenkolobom, Klin. Monatsbl. f. 
Augenh. 98:396, 1937. 

39. Huber, J., Florand, J., and Liévre, J. A.: Dolicho Sténomélie, Bull. et mém. Soc. méd. d. 
hép. de Paris 53:1473, 1937. 

40. Lloyd, R. I.: A Second Group of Cases of Arachnodactyly, Arch. Ophth. 17:66, 1937. 

41. Malbran, J., and Picoli, H. R.: Aracnodactilia (sindrome de Marfan), Arch. de oftal. de 
Buenos Aires 12:3, 1937. 

43. Roch, M.: Arachnodactylie (Syndrome de Marfan), Presse méd. 45:1429, 1937. 

43. Apert, E.: Les formes frustes du syndrome dolichosténomélique de Marfan, Nourrisson 
26:1, 1938. 

44. Cockayne, E. A.: Arachnodactyly With Congenital Heart Disease, Brit. J. Child. Dis. 
35:281, 1938. 

45. Futcher, P. H., and Southworth, H.: Arachnodactyly and Its Medical Complications, Arch. 
Int. Med. 61:693, 1938. 

46. Giraud, P., Bocca, P., Jayle, G. E., and Mockers: Dolichosténomélie (maladie de Marfan), 
Bull. Soc. de pédiat. de Paris, 36:713, 1938. 

47. Roederer, C.: Un cas d’arachnodactylie, Bull. Soc. de pédiat. de Paris 36:269, 1938. 

48. Moore, T.: Arachnodactyly, Arch. Ophth. 21:854, 1939. 

49. de Saint-Martin, R.: Clinical Pecularities of Marfan’s Syndrome, Ophthalmologica 98:201, 
1939 

50. Norcross, J. R.: Arachnodactylia, J. Bone & Joint Surg. 20:757, 1938. 

51. Rambar, A., and Denenhoz, E. J.: Arachnodactyly, J. Pediat. 15:844, 1939. 

52. Harrison, J., and Klainer, M. J.: Arachnodactyly: Its Occurrence in Several Members 
of One Family, New England J. Med. 220:621, 1939. 


UYEYAMA ET AL.: ARACHNODACTYLIA AND CARDIOVASCULAR DISEASE 591 


Haridas, G.: Arachnodactylia in a Chinese Infant, Arch. Dis. Childhood 16:257, 1941. 

Rados, A.: Arachnodactyly, Arch. Ophth. 27:447, 1942. 

Green, H., and Emerson, P. W.: Arachnodactylia: Clinical Report of Six Cases, Arch. 
Pediat. 60:299, 1943. 

Baer, R. W., Taussig, H. B., and Oppenheimer, E. H.: Congenital Aneurysmal Dilatation 
of the Aorta Associated With Arachnodactyly, Bull. Johns Hopkins Hosp. 72:309, 
1943. 

Etter, L. E., and Glover, L. P.: Arachnodactyly Complicated by Dislocated Lens, and 
Death From Rupture of Dissecting Aneurysm of the Aorta, J. A. M. A. 123:88, 1943. 

Bergstrand, C. G.: Arachnodactylia: Pathological Anatomy in Connection With a Case, 
Acta Paediat. 30:345, 1943. 

Gray, H.: Arachnodactyly, Arch. Int. Med. 75:215, 1945. 

Schneider, W. F.: Arachnodactyly—Unusual Complication Following Skull Injury, J. 
Pediat. 27:583, 1945. 

Erdheim, J.: Medionecrosis Aortae Idiopathica Cystica, Virchows Arch. f. path. Anat. 
276:187, 1930. 

Moritz, A. R.: Medionecrosis Aortae Idiopathica Cystica, Am. J. Path. 8:717, 1932. 

Roberts, J. T.: Medionecrosis Aortae Idiopathica Cystica, AM. HEART J. 18:188, 1939. 

Schlichter, J.: Beitrag zu den Aneurismen und Rupturen des Herzens, Lausanne, 1940, 
Univ. of Lausanne Press. 

Mote, C. D., and Carr, J. L.: Dissecting Aneurysm of the Aorta, AM. HEART J. 24:69, 1942. 


Schlichter, J.: Arch. Path. In press. 


54. 

55. 

56. 

57 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

| 

05. 


TREATMENT OF SUBACUTE BACTERIAL ENDOCARDITIS DUE TO 
ORGANISMS HIGHLY RESISTANT TO PENICILLIN 


CASE REPORT 


M. GrossMAN, M.D., D. FELpmMan, M.D., L. N. 
Katz, M.D., AND W. Bras, M.D. 
CuHIcaco, ILL. 


T HAS recently been demonstrated by us! and by others that penicillin 
will cause a clinical arrest of active infection in a great majority of cases of 
subacute bacterial endocarditis. Treatment failures have arisen as a result of in- 
adequate dosage, too short a period of therapy, or too great an interval between 
injections v..en penicillin was administered intermittently during the day. As 
a result of our own experience a definite plan of therapy was outlined which was 
successful in fourteen out of seventeen unselected consecutive cases.! 

Another cause for treatment failure arises, as we and others have found, 
because the infecting organism is very resistant to penicillin. Therapy should 
not be begun until the sensitivity of the organism to penicillin has been deter- 
mined. Inasmuch as this insensitivity of the bacterium may often be relative 
rather than absolute, it would seem possible to effect a cure if higher blood levels 
of penicillin were attained at the very beginning of treatment. We have used 
as much as 2,500,000 Oxford units of penicillin per day by continuous injection 
in our series.'. Dawson and Hunter? went as high as 500,000 units per day, 
and rejected three cases because the resistance of the organism to penicillin in 
vitro was too high. Bloomfield and Halpern* reported success with 1,000,000 
units of penicillin per day in a case having an organism with a penicillin sensi- 
tivity of 1.0 Oxford units. Loewe and associates‘ recently proposed an op- 
timum dosage of 2,000,000 units of penicillin daily for eight weeks in cases with 
penicillin-resistant organisms. 

It seemed to us that higher doses than this might be needed in patients 
infected with organisms which are unusually resistant to penicillin. In fact, we 
believe that the penicillin concentration in the blood should be maintained con- 
tinuously for at least a week, preferably at a level which can be shown to effec- 
tively inhibit growth of the infecting organism in vitro, as established by direct 
test (Schlichter and MacLean,*) or four or more times the in vitro sensi- 
tivity. 


From the Cardiovascular and Medical Departments, Michael Reese Hospital. 

Aided by the Herbert G. Mayer Fund for Cardiovascular Research. 

The penicillin was supplied by Commercial Solvents, Inc., and the para-aminohippuric acid by 
Sharpe and Dohme Co. 

The department is supported in part by the Michael Reese Research Foundation. 

Received for publication Aug. 16, 1946. 
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A report of the first case treated in this manner follows. 


CASE REPORT 


R. B., a 17-year-old white boy, was admitted to Michael Reese Hospital on Sept. 22, 1945, 
for treatment of subacute bacterial endocarditis. At the age of 6 years he had had an attack of 
rheumatic fever. At the age of 10 years, and again at 13, he had had recurrences of rheumatic 
fever. Between attacks he had lived a normal, active life. In November, 1944, following a finger 
laceration, he began to have headaches, fever, and sweating episodes. Numerous petechiae soon 
appeared. On November 26, he was admitted to another hospital where the diagnoses of rheumatic 
heart disease with mitral insufficiency and subacute bacterial endocarditis due to Streptococcus 
viridans were made. He was then given eleven days of penicillin therapy, receiving 25,000 units 
intravenously every two hours. The total amount given was 3,309,000 units. Upon comple- 
tion of the penicillin course he was put on a maintenance dose of 1.0 Gm. of sulfamerazine every 
twelve hours. During therapy and for four weeks thereafter, his blood culture remained negative. 
However, approximately six weeks after completion of therapy his blood cultures again became 
positive, and a second course of penicillin therapy was given. He received 50,000 Oxford units 
intravenously every four hours and over a period of twelve days received a total of 3,600,000 
units. Following this second course of therapy his cultures remained negative for one month and 
he was discharged from that hospital. He returned two weeks later because of fever, nausea, 
generalized abdominal pain, and generalized joint pains. Physical examination at that time re- 
vealed a moderate right-sided abdominal tenderness, and positive Murphy punch on the right. 
Blood cultures were negative, but urinalysis showed numerous white and occasional red blood 
cells. A diagnosis of “embolic infection of the kidney’ was made, and he was put on sulfadiazine. 
He continued to run a spiking temperature, and after ten days he was transferred to another 
hospital. At that hospital, blood cultures were again positive for Streptococcus viridans. In 
spite of this he received no therapy for a period of six weeks. He was then given a third course 
of penicillin consisting of 20,000 units intravenously every two hours for twenty-four days. The 
total dose was 5,700,C00 units. Three weeks after completion of this course his cultures again 
became positive, and a fourth course was given consisting of 20,000 units of penicillin intraven- 
ously every two hours. Over a period of ten days the total amount given was 2,400,000 units. 
At the end of this fourth course he was discharged, apparently in good condition. Following 
discharge he continued to administer penicillin to himself, 30,000 to 40,000 units intramuscularly 
two to three times a day. After six weeks of self-adininistration he discontinued therapy and 
within a few weeks all his previous symptoms recurred. 

On Sept. 22, 1945, he was admitted to the Michael Reese Hospital. Physical examination 
showed a thin, chronically ill boy weighing 109 pounds. There were petechiae in the skin, beneath 
the fingernails, and in the lips. A small, recent, superficial retinal hemorrhage was seen in the 
left fundus. The lungs were clear to percussion and auscultation. A systolic thrill was felt 
over the apex of the heart. There was no cardiac enlargement on percussion. ‘There wasa harsh, 
low-pitched systolic murmur over the apex transmitted to the axilla. The first sound over the 
apex was accentuated; the second pulmonic sound was slightly louder than the aortic sound. 
The spleen was felt three finger-breadths below the left costal margin. Numerous small, red, 
slightly tender macular and nodular lesions about 1 to 3 mm. in diameter were present on both 
palms. 

Laboratory data revealed 3,860,COO red blood cells and 7,250 white blood cells per cubic 
millimeter. Hemoglobin was 12.5 grams. The differential blood count was normal. ‘The 
sedimentation rate was 37 mm. in one hour (Landau method, normal under 18 mm. in one hour), 
Urinalysis showed a 2 plus albumin, 2 to 3 red blood cells per high power field, and occasional 
granular casts. Blood nonprotein nitrogen was 44 mg. per 100 c.c.; and blood glucose, 92 mg. 
per 100 cubic centimeters. The Wassermann and Kahn tests were negative. Teleroentgeno- 
gram showed the lungs to be clear and the heart of normal size. Fluoroscopy revealed a slight 
posterior enlargement of the left atrium. In the electrocardiogram there were small T waves 
in the limb leads and notching of the T in Leads Il and CFs. Numerous blood cultures, some taken 
after the administration of adrenalin, were positive for Streptococcus viridans. Several sensi- 


594 AMERICAN HEART JOURNAL 


tivity tests indicated that this organism was inhibited by 5.0 Oxford units of penicillin per cubic 
centimeter.* 

The diagnoses made were rheumatic heart disease with mitral stenosis and insufficiency 
and subacute bacterial endocarditis (Streptococcus viridans). 

During the period in which these studies were being made, he ran a spiking temperature 
which varied between 102° F. and 98.6° F. rectally. On Oct. 3, 1945, a course of penicillin therapy 
was begun. Three million units in 2,000 c.c. of 5 per cent glucose (in distilled water) were given by 
continuous intravenous drip every twenty-four hours. This was continued for thirty-five days, 
when, because of a temporary shortage of penicillin, the dose was reduced to 1,000,000 units for 
one day. For the next seven days he was given 6,000,000 units per day. Concurrently with this 
increase in the penicillin dosage, the sodium salt of para-aminohippuric acid was administered 
intravenously in 2.5 per cent solution. This was administered continuously in the same solution 
with the penicillin, and was continued for five consecutive days. The total dose in these five 
days was 250 Gm., or 50 Gm. daily. 

Shortly after the course of penicillin was begun the patient's temperature slowly fell to normal 
and remained there. Weekly blood cultures were negative except for one during the third week 
of therapy, which yielded a few gram-positive cocci which, however, failed to grow in subcultures, 
and was eventually reported as negative. Blood and differential counts remained essentially the 
same throughout the course of treatment. The sedimentation rate fell gradually from 37 mm. 
in one hour to 20 mm. in one hour. Urinalyses showed a gradual decrease in albumin, cells, 
and casts. <A weight gain of 13 pounds was recorded during the treatment. 

Penicillin blood levels rose slowly until on the ninth day of therapy the level was 10 Oxford 
units per cubic centimeter. It remained at that approximate level until the thirty-fourth day 
of treatment when it dropped to 3.2 Oxford units per cubic centimeter. Shortly thereafter, with 
penicillin dosage increased to 6,000,000 units per day and with the added para-aminohippuric 
acid, the level rose to 20 Oxford units per cubic centimeter. The plasma para-aminohippuric 
acid level® at that time was 4.65 mg. per cent. By the fifth day of this combined therapy the 
penicillin level was 41 Oxford units per c.c. and the para-aminohippuric acid level 18 mg. per 
cent. Two days after the para-aminohippuric acid was discontinued but while the patient was 
still receiving 6,000,000 units of penicillin, the level had dropped to 6.4 Oxford units per cubic 
centimeter. 

The patient’s condition remained good throughout the course of therapy. Except for 
superficial thromboses of the veins at the sites of venepuncture, there were no complications until 
the final day of therapy. At that time he began to complain of right-sided abdominal pain and 
nausea, and his temperature rose to 100° Fahrenheit. White blood count was 8,250 per c.mm., 
and urinalysis was negative. Murphy punch was negative. A diagnosis of acute appendicitis 
was made, and this was confirmed at operation the same day. He was then continued on 1,500,000 
units of penicillin per day for two additional days. The postoperative course was smooth. There 
was no temperature elevation. He was out of bed in three days and walking in five days. His 
cardiac status remained unchanged throughout the course of therapy and the operation. 

Following cessation of penicillin therapy, he continued to feel well. Blood cultures remained 
negative. Temperature, urinalyses, blood counts, and sedimentation rates continued normal. 
Weight gain was consistent, being 133 pounds on discharge as compared with 109 pounds on 
admission. He was discharged on December 14, his eighty-fourth hospital day. 

Following his discharge from the hospital he felt well. He remained afebrile and continued 
to gain weight. Frequent blood cultures were negative except for one on Dec. 20, 1945. This 
yielded in one of six flasks a slow-growing gram-positive streptococcus differing from his original 
organism in cultural characteristics and penicillin sensitivity. Subsequent cultures, however, 
have remained negative. It was felt that this single positive blood culture possibly represented 
a transient bacteremia, the source of which was probably carious teeth. Therefore, he was read- 
mitted to Michael Reese Hospital on Jan. 7, 1946, for extraction of those teeth. 


*Modification of Fleming's titration method.® 
+Modification of Rammelkamp’s titration method.’ 
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On this admission the physical findings were essentially as on the previous discharge. The 
red blood count was 4,850,000, with 15.5 Gm. hemoglobin. White blood count was 8,500 with 
a normal differential count. Sedimentation rate was 16 mm. in one hour. 

On Jan. 12, 1946, he was started on a daily dose of 6,000,000 units of penicillin given by 
continuous intravenous drip. A penicillin level of 5.2 Oxford units per c.c. was reached. On 
January 15, four teeth, in which the pulp cavity was involved by caries, were extracted. The 
alveolar sockets were packed with penicillin impregnated gauze.!_ He continued to receive 12,- 
000,C00 units of penicillin intravenously over the first fifty hours following the extractions. There 
was a mild temperature elevation for two days following the extractions (which was not unex- 
pected), but otherwise the course was uncomplicated. 

Since his discharge, repeated cultures have been negative, and he has been afebrile and 
clinically well. The subacute bacterial endocarditis, therefore, has been arrested for twenty- 
one and one-half months to Aug. 1, 1947. 

Fig. 1 is a graph representing the pertinent data of his first hospital stay under our care. 
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RB.- SUBACUTE BACTERIAL ENDOCARDITIS (STREPTOCOCCUS VIRIDANS) 


Fig. 1.—Summary of the clinical features and treatment. 


DISCUSSION 


It is generally agreed that the two primary prerequisites for penicillin treat- 
ment of subacute bacterial endocarditis are: (1) continuous maintenance of an 
adequately high blood penicillin level, and (2) sufficiently prolonged treatment. 
The adequacy of the blood level cannot be judged from the dosage required to 
clear the circulating blood of organisms. This latter can be accomplished with 
inadequate doses*® but under such circumstances recurrences usually occur 
within a month after penicillin is discontinued. It has been assumed that in- 
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adequate dosage not only fails to cure but that actually such a regimen may 
make the organism more resistant. Thus, Flippin and associates!® report a 
case in which the in vitro sensitivity of the organism rose after inadequate 
penicillin therapy from 0.025 to 0.75 Oxford units per cubic centimeter. Such 
an apparent increase in organism resistance to penicillin may be due actually 
to the presence originally of organisms of varying penicillin resistance. The in- 
adequate penicillin dosage may under such circumstances inhibit the less re- 
sistant organisms and permit the more resistant ones to multiply without com- 
petition. Demerec'! has expressed this view in connection with the develop- 
ment of resistance in organisms exposed to penicillin in vitro. If this viewpoint 
is correct, it follows that it is unwise to treat cases with inadequate doses of 
penicillin. Further, improperly treated cases will require more intense and more 
prolonged subsequent therapy than is usually given. 

There are as yet insufficient data to define precisely what constitutes mini- 
mum duration of therapy and a minimum necessary blood penicillin level. It 
is our impression that ordinarily for organisms of average resistance to peni- 
cillin six weeks of continuous treatment is necessary to ensure penetration of 
the vegetations by penicillin to inhibit the organism located there. As to the 
penicillin blood level, this should be kept at least up to three or four times the 
in vitro sensitivity of the organism for a week or more.°* 

In the case reported, it appears that the blood stream was cleared of bacteria 
after a few days of penicillin therapy. The single subsequent questionably posi- 
tive culture obtained after three weeks of therapy may have been due to the 
breaking off of a friable vegetation. With the administration of 3,000,000 units 
per day a level of 10 Oxford units per c.c. of blood was obtained. Subsequently, 
however, the penicillin blood level fell, presumably as the kidney function im- 
proved. For this reason the dosage was increased to 6,000,000 units per day, 
and in addition, para-aminohippuric acid was given for five days. With this 
combination a blood level of 20 to 40 Oxford units per c.c. was attained; the 
latter value approached closely the maximum level hitherto obtained. Dawson 
and Hunter! achieved as high as 51.2 Oxford units with 10,000,000 units of 
penicillin. 

Loewe and co-workers” have estimated that with continuous intravenous 
administration of penicillin a blood level will be reached of approximately one 
unit for each 1,000,000 units given per day; thus, they obtained a maximum 
level of 9.2 Oxford units per c.c. with a daily dose of 10 million units. Loewe 
and associates'* have also reported that the administration of para-amino- 
hippuric acid in quantities sufficient to give a plasma hippurate level of over 10 
mg. per cent usually results in a three- to sixfold elevation of blood penicillin 
level. Levels of hippurate below 10 mg. per 100 c.c. in the blood were reported 
to be without effect on the penicillin level. The results in our case are at variance 
with those of Loewe and associates. The blood level of penicillin attained per 
million units of penicillin administered per day was about 3 units per c.c., and 
plasma levels of para-aminohippuric acid of 3 to 5 mg. per 100 c.c. caused a 
demonstrable raising of the penicillin blood level. The differences in effect in 
our case are undoubtedly due to the impairment of renal tubular function. 
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The massive doses of penicillin used in our case were without untoward 
effect. Likewise, the continuous administration of para-aminohippuric acid for 
five days did not lead to any toxic manifestations. There were no alterations 
produced in urinary output, blood nonprotein nitrogen, and in the measured 
urinary constituents. 


It is of interest that appendicitis can occur during administration of such 
large doses of penicillin therapy. Surgery was carried out successfully and did 
not affect the course of the subacute bacterial endocarditis. 


CONCLUSION 


The satisfactory results obtained in this case demonstrate that a regimen of 
intensive penicillin therapy may in certain cases of subacute bacterial endo- 
carditis with resistant organisms convert treatment failures into treatment 
successes. 


ADDENDUM 


It may be of interest to report the present status of the first seventeen 
atients we treated with penicillin, since there is need of long-term follow-up on 
such cases. On March 1, 1946,! we reported that three patients had died during 
or just after treatment, and that fourteen were alive from eight to twenty months 
after penicillin therapy had been stopped. Of these living patients, four had 
varying degrees of congestive heart failure and two had recurring petechiae. 
One of the surviving patients died in congestive failure eight months after peni- 
cillin therapy had been stopped. 

Between March, 1946, and August, 1947, one more patient died in con- 
gestive failure nine months after penicillin therapy had been stopped. The 
total deaths, therefore, as of August, 1947, are five, with the remaining twelve 
patients surviving for periods of from twenty-eight to thirty-six months (a long- 
term survival rate of 70.6 per cent). Of the twelve surviving patients, four 
have had varying degrees of congestive heart failure; one developed it in the 
interim between reports during the seventh month of her pregnancy. A 
cesarean section was done; the baby died but the patient survived, and 
has been symptom free to date. One, who was in mild failure during therapy 
and for a number of months thereafter, is now symptom free without medication. 
Two have continued to have congestive failure. Two patients have had con- 
tinued petechiae, and one developed an equivocal recurrence of the infection 
(repeated negative blood cultures) ten months ago, twenty-one months after the 
initial penicillin therapy had been stopped. Another course of penicillin was 
given to this patient. She is now well except for mild heart failure. 

Of the twelve who are now living, eleven are carrying on full activity: the 
other case is one of a progressively incapacitating congestive failure. 


We are indebted to Dr. J. G. Schlichter for assistance in the management of this case. We 
are also indebted to Miss H. MacLean of the Department of Bacteriology for the cultural and peni- 
cillin determinations, and to Mrs. Lillian Havel for determining the para-aminohippuric acid 
blood levels. 
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RETICULUM CELL SARCOMA WITH CARDIAC METASTASIS 


REPORT OF Two CASES WITH ANTE-MORTEM DIAGNOSIS OF ONE 


IrviNG B. Brick, M.D.,.* Boston, MAss., AND CAPTAIN MAURICE GREENFIELD,} 
MEpDICAL Corps, ARMY OF THE UNITED STATES 


HE following report is based on a study of two cases of reticulum cell sar- 

coma, both of which were referred to the radiation therapy center at Walter 
Reed General Hospital for treatment of gastric neoplasm during the past year. 
Both cases presented an extremely interesting spread of the disease and showed 
other unusual features. One of the cases represents what we believe is primary 
reticulum cell sarcoma of the stomach (Case 2) which in itself is a rare entity. 
In addition, metastatic involvement of the heart was found in both cases, and 
in one patient (Case 1) was diagnosed during life. 

At the time of Yater’s' stimulating report on tumors of the heart and peri- 
cardium in 1931, cardiac involvement, both primary and secondary, was con- 
sidered rare. Approximately six cases had been described and diagnosed ante 
mortem. In the fifteen years that have elapsed, fifteen additional cases have 
been diagnosed ante mortem and reported. The present report adds another. 
It is our belief that Yater’s' emphasis upon certain aspects of the symptom- 
atology stimulated the attempt to diagnose these cases during life. Yater 
felt that secondary cardiac tumors were more common than the primary type, 
but an approximate compilation of tumors of the heart reported in the literature 
since 1918 by Lisa, Hirschhorn, and Hart? did not support this view. They 
listed forty-one cases of primary benign tumor, thirty-one cases of malignant 
tumor, and forty-seven cases of metastatic tumor of the heart. It is quite in- 
teresting to note that many of the cases listed were reported subsequent to 
Yater’s! article. However, in large series of autopsy material, as will be shown 
from a review of the literature, metastatic tumors predominate. 


Of the twenty cases of cardiac tumors diagnosed clinically and confirmed 
by autopsy, listed in the article by Doane and Pressman,’ three had primary 
tumors of the heart and the remaining seventeen showed metastatic involve- 
ment. To complete the list to date, one might add the case of fibromyxosar- 
coma, a primary tumor, reported by Ravid and Sachs,‘ and one of the cases to 
be presented in this paper. This makes a current total of twenty-two cases of 
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four of these the tumors were primary. 


adenoacenthoma of the cervix reported by Doane and Pressman.* 


of carcinoma of the esophagus with massive metastases to the heart. 


Paterson and Castleden.” 


wig! reported nine cases of tumors of the heart in 1,000 autopsies. 


primary tumor. In no case was a clinical diagnosis made. 


listed fourteen metastatic tumors of the heart in 327 cases of malignancy. 
in 332 autopsies on malignant tumors, found metastatic lesions of the heart in 
twenty cases. Scott and Garvin,!* in 1,082 cases of malignant disease in a series 
of 11,100 consecutive autopsies at the Cleveland City Hospital, found the heart 
or parietal pericardium, or both, to be involved in 118 cases, an incidence of 
10.9 per cent of the 1,082 cases of malignant disease. The detailed analysis of 
their series is interesting as the authors found that carcinoma of the bronchus 
and breast accounted for 48 per cent of the metastatic cardiac lesions. Nine 
cases of reticulum cell sarcoma are listed, in six of which cases there was myo- 
cardial metastasis. In thirteen cases of lymphosarcoma, only one case revealed 
myocardial metastasis. The infrequency of carcinoma of the stomach metas- 
tasizing to the heart is indicated by the presence of but one myocardial and one 
pericardial metastasis in 201 cases of gastric carcinoma. In reviewing the clin- 
ical records, Scott and Garvin'® found that myocardial insufficiency developing 
in a patient without other apparent cause but with a malignant disease is an 
important sign suggestive of cardiac metastasis. Heart block was not observed. 
In only one case in this extensive series was the diagnosis made ante mortem. 

Ritchie,!® in reviewing 3,000 autopsies, found sixteen cases of metastatic 
tumor of the myocardium. In these, thirteen different primary sources were 
recorded. This is in agreement with Yater’s' opinion of the varied sources of 


tumor of the heart diagnosed ante mortem and reported in the literature. In 


In the résumé of cases by Lisa and colleagues,? Zemansky’s® case of a spindle 
cell sarcoma of the epicardium was not included. To complete Lisa’s list, the 
following cases of metastatic cardiac tumors should be added: A case of re- 
ticulum cell sarcoma of the nose reported by Hsiung, Szutu, Hsieh, and Lieu; 
a case of myoblastoma of the frontal bone reported by Shelburne and Aronson ;’ 
a case of bronchogenic carcinoma reported by Reuling and Razinsky;' a case of 


Greiner’ 


and Cabot Case Records, Case Number 27281! each reported a case of reticulum 
cell sarcoma which involved the heart, but the discovery of the tumor was a 
post-mortem finding. Rosenbaum, Johnston, and Alzamora!! reported a case 


Two ad- 


ditional cases of primary cardiac tumors have been reported by Hamilton- 


In Yater’s' article, various autopsy series were reviewed. Since then, 
several other series have been reported. Lymburner' found four primary and 
fifty-two secondary tumors of the heart in 8,500 autopsies at the Mayo Clinic. 
Pollia and Gogol,'! in reviewing 12,000 autopsies which included 1,450 cases of 
malignant tumors, found twenty-nine cases of metastatic cardiac tumors. Hel- 


Burke!’ 
Willis,!” 


In a series of 4,050 autopsies .aade at the Jefferson Hospital, Philadelphia, 
Herbut and Maisel*® found 640 cases of cancer. In thirty-five cases the heart 
was secondarily involved. The frequency of cardiac involvement in various 
autopsy series varies from 0.03 to 1.4 per cent of the total number of autopsies 
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and from 1.0 to 10.9 per cent of the total number of cancers. In this series, 
lymphosarcoma was noted in sixteen cases, in three of which there was cardiac 
metastasis. No reticulum cell sarcomas were recorded. In none of the cases 
was cardiac metastasis diagnosed before death. 

Search of the literature shows that reports of reticulum cell sarcoma with 
cardiac metastasis have been made infrequently. Fishberg’s*! case of reticulum 
cell sarcoma with cardiac metastatic lesions was diagnosed ante mortem. A 
reticulum cell sarcoma of the nasal cavity with metastatic involvement was re- 
ported by Hsiung and associates. This was also diagnosed ante mortem. Ad- 
ditionally, the cases of Greiner? and Cabot Case Records, Case Number 27,281!" 
also showed reticulum cell sarcoma involving the heart. Scott and Garvin!® 
listed six cases of cardiac metastasis from reticulum cell sarcoma. In all, ten 
cases of reticulum cell sarcoma with cardiac involvement have been previously 
reported. Two of these cases were diagnosed ante mortem. 


CASE REPORTS 


Case 1.—The patient was a 25-year-old Italian prisoner of war who was in good health 
until July, 1944, when he noticed swelling of the glands under his right ear. A month later the 
inguinal nodes became swollen and he was admitted to the hospital where an operation for a left 
varicocele was performed. The postoperative course was uneventful, but he was readmitted to 
the Regional Hospital at Fort Bragg, N. C., on Oct. 19, 1944, because of generalized peripheral 
lymphadenopathy. A biopsy of an inguinal lymph node was made and reported to show reticulum 
cell sarcoma, a diagnosis which was later confirmed by the Army Institute of Pathology. The 
patient was transferred to Lawson General Hospital for treatment on Nov. 21, 1944. 

On admission, examination ‘revealed bilateral enlargement of the cervical lymph glands, 
the largest of which measured about 2 cm. in diameter. Shotty nodes were present in both 
inguinal and axillary regions. Examination of the abdomen at that time was negative. The 
patient did not appear ill on admission and remained ambulatory and afebrile during his stay in 
the hospital. He was treated with roentgen therapy. From Jan. 1, 1945, to Jan. 12, 1945, he 
received a dose of 1200 roentgens (air) to each axilla through a 10 X 10 cm. portal, and 800 roent- 
gens (air) to each cervical area through a 10 X 15 cm. portal. The following physical factors 
were employed: 220; 15; 1mm. copper, 1 mm. aluminum filtration; 50 cm. target-skin distance; 
42 roentgens per minute. The peripheral nodes rapidly diminished in size. The patient was dis- 
charged from Lawson General Hospital on Feb. 11, 1945, and returned to duty. 

In August, 1945, the patient began to have recurrent epigastric pain which was relieved by 
One month later, at Fort Bragg, N. C., he had an x-ray examination of the gastrointestinal 


food. 
For the first few weeks the pain was moderate 


tract which apparently revealed no organic lesion. 
in intensity but soon became very severe. It was not associated with nausea or vomiting and it 
occurred only during the day. Later, the pain occurred at night and became severe enought to 
awaken him from sleep. In the latter part of September, 1945, the patient began to vomit, some- 
times after meals. In the first week of October, 1945, he was sent to New York for repatriation 
to Italy and boarded the vessel at the port of embarkation. Increasing pain and hematemesis 
led to his being transferred from the ship to the Station Hospital, Staten Island, N. Y. He was 
given two transfusions of whole blood and treated as a case with bleeding peptic ulcer. Because 
the patient did not improve under treatment, he was transferred to the Regional Hospital, Fort 
Jay, N. Y., on Nov. 16, 1945. 

On admission to the hospital he appeared anemic and showed evidence of recent weight loss. 
A month later,examination of the abdomen revealed a firm mass in the left epigastrium, four finger- 
breadths below the left costal margin. In December, radiographic examination showed a large 
filling defect in the fundus of the stomach and the patient was transferred to Walter Reed General 
Hospital on Jan. 10, 1946, with diagnosis of gastric neoplasm, type undetermined. 
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On admission he complained of severe ‘“‘burning pain” in the upper part of the abdomen which 
radiated to the lower dorsal region, and was accompanied by nausea and occasional vomiting. 

He weighed about 120 pounds, having lost 45 pounds in the previous four months. Physical 
examination revealed a chronically ill, anemic man who had palpably enlarged posterior cervical, 
bilateral axillary, and bilateral inguinal nodes. The liver was palpable 3 cm. below the right 
costal margin and was tender. In the left epigastrium a mass could be felt which was hard and 
moved slightly on respiration. The heart and lungs were normal. Radiographic examination otf 
stomach (Fig. 1) on Jan. 17, 1946, revealed enlargement of the liver and massive rounded filling 
defects throughout the stomach; these were more marked in the pyloric end. The roentgen- 
ologic diagnosis was carcinoma of the stomach. A gastric analysis was within normal limits. 
An axillary gland was removed for biopsy and the pathologic report, although inconclusive, stated 
that the appearance was “‘consistent with early Hodgkin’s disease.” 

Laparotomy was performed Jan. 25, 1946. The stomach was found to be fixed to the under 
surface of the liver, and could not be delivered into the operative incision. Palpation revealed 
a soft indurative process in the pylorus. A large ulcerated area could be felt. About midway up 
the lesser curvature of the stomach the infiltration seemed to extend into the left lobe of the liver 
where there was a mass the size of a tennis ball. There were many small nodules in the gastro- 
hepatic omentum and much larger ones grouped about the superior mesenteric vessels. Because 
of the extent of the neoplastic process, resection was not feasible. Several glands were removed 
from the gastrocolic omentum for biopsy and exhibited ‘‘early transformation into lymphosarcoma, 
probably reticulum cell type.” 

About three days after operation the patient began to vomit blood. From February 1 to 
February 20 he received twenty-five transfusions, 500 c.c. each, of whole blood. All food by mouth 
was withheld and he received morphine and amigen. Occasional vomiting of coffee-ground ma- 
terial occurred, but by February 24 there was slight improvement. He was able to sit up in bed 
and take a diet of clear liquids. His hematocrit on February 20 was 33 with a red cell count of 
3,400,000. 

X-ray therapy was begun on Feb. 8, 1946, and from then until March 8, 1946, he received a 
dose of 3,300 roentgens to the anterior abdomen and 1,800 roentgens to the posterior abdomen. 
The size of the treatment portals was 15 X 20 cm. and directed so as to crossfire the epigastric 
mass. ‘The doses were measured in air with back scatter and a tissue dose of 3,162 roentgens was 
delivered into the stomach. The following physical factors were employed: 1,000; 3M; 70 cm. 
target-skin distance; 3 mm. Tungsten filter; half-valve layer = 3.6 mm. lead; 88 roentgens per 
minute. 

There was moderate improvement under radiation treatment and by March 18, 1946, the 
patient was largely asymptomatic and was able to take small frequent feedings. He was ambula- 
tory and had gained about three pounds in weight. 

On March 4, 1946, five days prior to the completion of roentgen therapy, x-ray examination 
revealed some shrinkage in the size of the mass previously noted in the stomach. In the following 
week the patient’s condition became worse and he was unable to eat solid food without vomiting. 
By April 6, 1946, x-ray examination revealed complete obstruction at the pyloric end of the 
stomach. In nine days the hematocrit dropped from 40 to 31 and for the first time subcutaneous 
nodules were noted on the anterior abdominal and anterior chest wall. Some of the nodules 
were as large as a cherry. One was removed for histologic examination, and a diagnosis of retic- 
ulum cell sarcoma was made. 

In the next two weeks the patient’s condition deteriorated progressively. He was severely 
nauseated and unable even to take fluid by mouth without vomiting. The vomitus consisted of 
bile-tinged fluid. Treatment consisted of intravenous amigen and giucose. 

On April 14, 1946, the patient began to complain of shortness of breath. Examination 
of the heart revealed a ventricular rate of 60 per minute and what appeared to be a protodiastolic 
gallop at the apex. There was no pericardial friction rub. R4les were heard at both lung bases. 
A presumptive diagnosis of metastasis to the heart was made. An electrocardiograph (Fig. 2) 
made on April 14 showed complete A-V heart block, with an auricular rate of 100 and a ventricular 


rate of 46 per minute. Low voltage was present in the limb leads. A second electrocardiogram 
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Fig. 1.—Case 1. Roentgenogram of the barium-filled stomach made on Jan. 17, 1946, showing a huge 
filling defect in the antrum of the stomach on the greater curvature. 


Fig. 2.—Case 1. Electrocardiogram made on April 14, 1946, showing complete A-V heart block. 
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three days later was essentially similar. A roentgenogram of the chest (Fig. 3) showed marked 
cardiac enlargement. In view of the radiographic and electrocardiographic findings and becaus 
of the widespread subcutaneous metastases, the diagnosis of myocardial metastasis was con- 


sidered to be confirmed. 


Fig. 3.—Case 1. X-ray film of the chest made on April 19, 1946, showing marked increase in size of the 
cardiac shadow and suggesting pericardial effusion and cardiac dilatation. 


The patient continued to complain of shortness of breath and on April 17, 1946, cyanosis 
of the lips was noted. Three days later, he suddenly complain:d of severe pain in the stomach. 
On examination he was seen to be cyanotic, cold, and clammy. The pulse could not be felt. 
The heart rate was 30 per minute. The rhythm was irregular. He soon became unconscious, 
the heart sounds became inaudible, and breathing was irregular. He expired after several minutes. 

The clinical diagnosis was reticulum cell sarcoma involving stomach, heart, lymph nodes, 
liver, and subcutaneous tissues. 


7 
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Post-Mortem Examination: The peritoneal cavity contained approximately 5,000 c.c. of 
clear amber fluid. Numerous adhesions were present between the omentum and transverse colon, 
and firm adhesions were present between the superior surface of the left lobe of the liver and 
dome of the diaphragm. There was a large 5 cm. mass of very firm, homogeneous white tissue in 
the region of the porta hepatis and the pylorus. The mass surrounded the inferior vena cava in 
this region. The mesentery contained numerous lymph nodes which varied in size from 1 to 
3cm.in diameter. They were oval, very firm, and on section were found to be made of a homo- 
genous pink, pale tissue. The centers of the larger nodes showed necrosis. 


Fig. 4A.—Case 1. Post-mortem photograph of the heart showing massive nodular infiltration of firm 
gray tumor tissue in the left atrium and both ventricles. 


Each pleural cavity contained about 1,000 c.c. of clear, straw-colored fluid. Many fibrinous 
adhesions were present between the visceral and parietal pleura on both sides. The left lung 
weighed 330 grams and the right lung 370 grams. Both lungs were moderately collapsed but 
crepitant throughout. On section, no tumor nodules were seen. 

The pericardial cavity contained 500 c.c. of clear straw-colored fluid, and numerous adhesions 
were present between the visceral and parietal pericardium. The heart (Fig. 44) weighed 465 
grams. There was firm gray tissue invading the entire wall in the region of the atrioventricular 
septum and extending about 2 cm. into the lower portions of the auricles and upper portions of 
the ventricles. The neoplastic infiltration extended inferiorly into the anterior wall of the right 
ventricle for a distance of 5 centimeters. The epicardium over the tumor tissue was rough and 
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granular. There was invasion of the root of the aorta, pulmonary artery, and superior vena cava 
Section of the myocardium showed yellowish-white tissue completely replacing the cardiac muscle. 
No abnormalities of the valves or coronary vessels were seen. Microscopic examination of sec- 
tions from the heart (Fig. 48) showed massive infiltration of the myocardium with reticulum 


cell sarcoma. 


Fig. 4B.—Case 1. Photomicrograph (x440) of section from the heart 
showing diffuse infiltration with reticulum cell sarcoma. 


The spleen weighed 225 grams, and on section the cut surface was dark red and the tissue 
Section of the left lobe showed almost complete replace- 
The 
medial half of the right lobe showed similar massive invasion by tumor extending from the left 
The lower portion of the esophagus at the hiatus was surrounded by firm white tumor 


firm. The liver weighed 2,890 grams. 
ment by firm yellow tumor tissue in which faint outlines of the liver lobules were seen. 


lobe. 
The stomach was dilated and contained about 1,000 c.c. of cloudy watery fluid. The 


tissue. 
The mu- 


wall of the stomach was irregularly thickened by firm white homogeneous tumor tissue. 
cosa of the stomach was thickened, and in the pylorous was an acute ulcer which was irregular and 
5 cm. in diameter. The ulcer showed round edges and its base was covered with pink granulation 
tissue. Sections of the stomach showed diffuse infiltration by reticulum cell sarcoma. There 
were numerous irregular nodules of white tumor tissue projecting from the mucosa of the jejunum 
and ileum. The remainder of the gastrointestinal tract showed nothing noteworthy. The 
pancreas weighed approximately 100 grams and the head was involved in the neoplastic process. 

The left adrenal gland was almost completely replaced by neoplasm, with only a small amount 
of normal tissue remaining in the lower pole. The right adrenal appeared normal on gross ex- 


amination. The left kidney weighed 165 grams and the right 145 grams. The capsules of both 
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stripped easily and the surfaces showed several slightly elevated white nodules 0.5 cm. in diameter 
extending into the parenchyma. 

Anatomic Diagnosis: Reticulum cell sarcoma involving stomach, heart, liver, kidneys, pan- 
creas, prostate, adrenals, ileum, mesenteric and mediastinal nodes. 


Case 2: The patient was a 30-year-old white man who was well until November, 1945, 
when he began to have epigastric discomfort following meals. The discomfort was not relieved 
by belching or by food. Shortly after its onset, his stools became tarry. The epigastric pain 
became progressively more severe, and he began to complain of easy fatigue and weakness. On 
Dec. 21, 1945, the patient was admitted to a private hospital for study. 

Physical examination revealed a well-developed and well-nourished white man in no acute 
distress. Essential positive findings were confined to the abdomen which was slightly distended. 
The lower half was tympanitic and there was slight tenderness to the left of the epigastrium. 
No abnormal masses were palpable. 

Examination of the blood showed a red cell count of 3,700,000 with 11.6 Gm. of hemoglobin. 
lhe white cell count was 13,000, with 76 per cent polymorphonuclear leucocytes, 20 per cent lym- 
phocytes, and 4 per cent eosinophiles. Stool examination was positive for occult blood. Urin- 
alysis was negative. Gastric analysis showed hemolyzed blood and free hydrochloric acid. Be- 
cause of the evidence of gross bleeding, immediate radiographic examination of the stomach was 
made. The impression of the examiner was prepyloric gastric ulcer on the lesser curvature, and 
the patient was treated medically for bleeding gastric ulcer. 

During this hospital admission, the patient failed to improve. Periodic stool examinations 
showed occult blood, and on the fifth hospital day, icterus of the sclera and skin was seen. On 
the tenth hospital day, palpation of the abdomen revealed a mass under the left costal margin and 
in the left epigastrium, which was tender and firm. Examination by barium enema showed this 
mass to be extrinsic to the large bowel. On the fifteenth hospital day the patient was discharged 
to his home where observation was continued. During the following week, the mass became larger, 
the icterus more pronounced, and the patient began to vomit. On one occasion, a small clot of 
blood was noted in the vomitus. Because he was growing worse, further hospitalization was 
advised and he was admitted to Oliver General Hospital on Jan. 10, 1946. 

On this admission the patient was acutely ill. His temperature varied from 101° to 103° 
Fahrenheit. The pulse rate was 140 per minute and respirations 28 to 30 per minute. The 
impression on admission was ruptured peptic ulcer with liver abscess and possible peritonitis, 

On Jan. 25, 1946, an exploratory laparotomy was performed. A small amount of free fluid 
was found in the peritoneal cavity. The liver was enlarged and appeared congested. The pan- 
creas, gall bladder, and spleen were normal. The posterior wall of the stomach was markedly 
thickened, firm, and involved in a diffuse, infiltrating neoplastic process. The anterior wall of the 
stomach in the region of the cardia was also involved in this process. There was nothing to 
suggest any involvement outside of the stomach wall. The stomach was opened and a thickened 
nodular mass was felt on the posterior wall. A biopsy was made and because the neoplastic 
infiltration was so extensive, gastric resection was impossible. 

A report of the microscopic examination of the tissue was as follows: “Section of portion of 
stomach shows almost complete replacement of the glandular structures, which in parts are intact, 
by rounded to irregularly polygonal neoplastic cells, the outlines of which are indistinct while 
the nuclei are quite prominent, generally hyperchromatic, and show numerous mitoses. There 
is no stomal reaction and the neoplastic cells are arranged in no particular pattern. There is a 
considerable amount of granular debris throughout the neoplastic fields."". Diagnosis: Reticulum 


cell sarcoma of stomach. 

On Feb. 1, 1946, the patient was transferred to Walter Reed General Hospital for roentgen 
therapy. On admission he was markedly icteric, emaciated, dehydrated, and acutely ill. There 
was moderate distention of the abdomen and an epigastric mass was palpable. 

From Feb. 4, 1946, to Feb. 19, 1946, he received roentgen therapy amounting to 3,600 roent- 
gens (measured in air with back scatter) through a 15 & 20 cm. anterior epigastric portal. The 
following physical factors were employed: 1,000; 3 M; 70 cm. target-skin distance; 3 mm. 
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tungsten filter; half-valve layer = 3.6 mm. lead; 88 roentgens per minute. <A tissue dose of 2,412 
roentgens was delivered into the stomach in a period of sixteen days. 

He improved moderately, and the epigastric mass decreased about 75 per cent in size. The 
distention disappeared, his appetite increased, his icterus diminished, and he began to have daily 
bowel movements. Following roentgen therapy, an x-ray examination showed marked improve- 
ment in the appearance of the stomach. Hypertrophy of the gastric rugae was seen and numerous 
nodular defects were noted in the cardia. The patient’s temperature remained normal following 
roentgen therapy, but there was persistent tachycardia of 120 to 140 beats per minute. Un- 
fortunately, neither an electrocardiogram nor a chest roentgenogram was obtained. On the 
morning of March 15, 1946, the patient became lethargic, drowsy, and shortly afterward expired. 


Post Mortem Examination: ‘The abdominal cavity contained approximately 1,000 c.c. of 
clear straw-colored fluid. There was marked distention of the loops of the small bowel. Num- 
erous nodes measuring from 1 to 3 cm. in size were seen, and several small nodes were present in the 
periaortic chain. 

The heart weighed 265 grams. In several areas just under the epicardium there were firm, 
pinkish-white tumor nodules, 1 to 2 cm. in diameter, the largest being located in the right ven- 
tricle. On section, the myocardium was pale red and infiltrated with numerous areas of pale 
neoplastic tissue (Figs. 5A and 5B). 

The fundus of the stomach was thickened, firm, and pale. Throughout the entire stomach 
there were occasional acute ulcers, approximately 1 cm. in diameter. Numerous tumor nodules 
were noted on the mucosal surface. The pancreas was intimately adherent to the tumor mass 
in the wall of the stomach and on section showed marked neoplastic involvement. 

Both kidneys were enlarged and densely infiltrated by tumor tissue, so that only occasional 
areas of normal renal parenchyma were seen. The adrenal glands were also the seat of diffuse 
metastatic disease. 

Final Diagnosis: Reticulum cell sarcoma involving the stomach, heart, liver, pancreas, 
kidneys, adrenals, and mesenteric, mediastinal, and periaortic lymph nodes. 


DISCUSSION 


The ante-mortem diagnosis of metastatic cardiac neoplasm is unusual. In 
Case 1 of this report, in which the clinical diagnosis of metastatic tumor of the 
heart was made by one of us (I. B. B.), suspicion was aroused because of the 
sudden onset of dyspnea and the occurrence of a third sound which was inter- 
preted as a gallop rhythm. Certain workers have reported a third sound in 
heart block, probably auricular in origin, the exact physiologic mechanism of 
which is not clear. Nevertheless, the clinical findings warranted further in- 
vestigation, so that an electrocardiogram was obtained which showed a com- 
plete A-V heart block. In addition, the patient rapidly developed cardiac en- 
largement. This finding in conjunction with the electrocardiographic changes 
in a patient with known reticulum cell sarcoma was enough to warrant a definite 
diagnosis of cardiac metastasis. Yater! has suggested that in every case of heart 
block, particularly when the block is complete, the possibility of tumor should be 
seriously considered. 

We strongly support the view of Scott and Garvin'® that any patient with 
malignant disease who develops cardiac failure should be suspected of having 
cardiac metastasis. Repeated physical examination of the heart, roentgen ex- 
amination, and, particularly, serial electrocardiographic observation in cases of 
this type would probably result in a much greater number of correct ante- 
mortem diagnoses. 


Fig. 
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5A.—Case 2. Gross specimen of heart following section showing pale nodular areas in the inter- 
ventricular septum. A large metastatic nodule in the right atrium is indicated by the marker. 


Fig. 5B.—Case 2. High power (x440) photomicrograph of myocardium showing infiltration by 


reticulum cell sarcoma. 
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Although reports in the literature concerning metastasis to the heart in 
reticulum cell sarcoma are scanty, we are of the opinion that it occurs much 
more frequently than is reported. Certainly autopsy experience demonstrates 
that reticulum cell sarcoma often involves kidneys, adrenals, liver, and more 
rarely, the heart. Whether these widespread lesions should be regarded as 
metastatic is an unsettled matter. Many believe that this secondary involve- 
ment may take place wherever aggregates of reticuloendothelial tissue are pres- 
ent in the body, and that this involvement is excited by the same factor that is 
responsible for the primary tumor. Should one accept the view that the second- 
ary lesions are metastatic, the possibility of hematongenous dissemination of 
this disease is suggested. 

Both of our cases showed marked similarity in the distribution of their 
disease. The presence of large subcutaneous neoplastic nodules in Case 1 was 
an interesting and unusual finding. This type of lesion occurs rarely in many 
anaplastic and highly malignant carcinomas and sarcomas, other than reticulum 
cell sarcoma, in the terminal phases of disease. 

Recently, Cash and Rappoport” reported a case of reticulum cell sarcoma 
of the stomach and commented upon its rarity. Both cases reported here showed 
widespread gastric involvement. It is interesting to note, however, that the 
second case is probably primary reticulum cell sarcoma of the stomach. It 
meets the criteria for the latter diagnosis, in our opinion, and the paucity of 
disease found at autopsy in the retroperitoneal nodes, from which the stomach 
is most frequently involved by reticulum cell sarcoma, supports this view. 
Additional support is gained from the findings at laparotomy, at which time the 
entire pathologic process was confined to the stomach. 

The variation in the radiographic appearance of the gastric disease is in 
accordance with the experience of others. Reticulum cell sarcoma involving 
the stomach may present itself as a diffuse infiltrating process involving the 
entire stomach. In this type of disease there is marked thickening of the mucosal 
folds and hypertrophy of the gastric rugae. Clinically, the impression is usually 
peptic ulcer and the roentgenograms in this type of disease are usually inter- 
preted as diffuse hypertrophic gastritis. Another type less frequently seen in 
reticulum cell sarcoma is that of multiple submucosal nodular papillary in- 
filtration. : Radiographically, numerous polypoid lesions may be demonstrated 
with careful spot film techniques. Case 1 represents the lesion most frequently 
encountered in reticulum cell sarcoma of the stomach. Radiographically, one 
finds a huge cauliflower malignant lesion which cannot be differentiated from 
gastric carcinoma. 

SUMMARY 


Two cases of reticulum cell sarcoma involving the heart and stomach are 
reported. Both cases were explored surgically and inoperable disease was found. 
They were treated with palliative supervoltage roentgen therapy with only 
temporary improvement. At autopsy, widespread disease was found, with 
metastasis to the heart. The cardiac involvement was diagnosed during life, 
in one case, on the basis of physical, electrocardiographic, and radiographic 
evidence. 
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Selected Abstracts 


Pendergrass, E. P., Griffith, J. Q., Jr., Padis, N., and Barden, R. P.: The Indications 
for Irradiation of the Pituitary Gland in Patients With Arterial Hypertension. 
Am. J. M. Sc. 213:192 (Feb.), 1947. 


Pituitary irradiation as a treatment for high blood pressure was given to 142 patients without 
untoward effect, although three patients with papilledema showed severe, acute but transient 
reactions indicating increased intracranial pressure. Only ninety-three patients were adequatel\ 
followed for a period varying from three to fifty-six months. About half of these persons showed 
improvement in blood pressure and clinical condition, All of these individuals were selected on 
the basis of a positive test for antidiuretic hormone in the serum. 

From a consideration of other studies and of the results of varying roentgen dosage, it is con- 
cluded that the chance of benefit from radiation therapy to the pituitary in hypertension should 
be at least 75 per cent if cases are selected according to the following criteria: (1) Positive bioassay 
for antidiuretic hormone in the serum; (2) a roentgen dosage of 1000 R delivered into the hypophy- 
sis (2000 R in air), to be repeated in three months if the test for antidiuretic hormone in serum 
has not become negative in that time; (3) a negative bioassay for gonadotropic hormone in serum, 
at the level of 330 million units per 100 c.c. of serum; (4) a normal renal function as shown by a 
plasma creatinine, by the method of Steinitz and Turkand, of 1 mg. per cent or less, (presumably 
a test of urea clearance would be equally satisfactory); and (5) good clearance of injected dye 
from each kidney as shown by urography. ‘Three illustrative case reports are presented. 

DURANT. 


Wirtschafter, Z. T., and Widmann, R.: The Elaboration of Histamine In Vivo in the 
Treatment of Peripheral Vascular Disorders—A Preliminary Report. J.A.M.A. 
133:604 (March), 1947. 


These authors repeated the work of R. H. Katz, who suggested the use of intravenous diethyl 
ether for the treatment of impending ischemic gangrene and other peripheral vascular disorders. 
Serum obtained from patients during treatment produced wheals and flares on intradermal in- 
jection into normal, nonallergic subjects and caused contraction of the isolated guinea pig in- 
testine. These findings suggested a histamine release during the period of diethyl ether adminis- 
tration. Twelve consecutive unselected cases of definite peripheral vascular disease were treated 
by this method. There was improvement in five. In seven patients the pain was not relieved 
throughout the twenty-four hour period, and in eight, unfavorable reactions were noted. 

In 1937, Holtz reported the conversion of histidine to histamine, «in vitro, by the action of 
ascorbic acid. To obviate all the complications of intravenous ether, the authors attempted to 
produce this reaction in vivo. Patients were first given 500 mg. of sodium ascorbate intravenously. 
This was followed by the intramuscular injection of 5 c.c. of a 4 per cent aqueous solution of 
1(—) histidine monohydrochloride simultaneously with the subcutaneous injection of 100 mg. 
of sodium ascorbate. The subsequent regimen consisted of giving the two organic compounds 
in the manner described every four, six, eight or twelve hours, depending on the severity of the 
clinical findings. In addition, patients daily received 600 mg. of ascorbic acid orally. 
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To demonstrate the presence of histamine, the serum and urine of the subjects on the regimen 
were injected intradermally into normal nonallergic individuals, and in all cases typical and de- 
cidedly strong wheals and flares were produced. 

Eleven consecutive cases of definite peripheral vascular disease studied by the authors com- 
prise the subject of this preliminary report. These authors report that all of these patients have 
responded favorably, up to date, to the therapy described and have not required amputations, 
and the relief of intractable pain has occurred within six hours to three days after the institution 
of treatment. These authors also state that patients with gangrene have shown a response most 
quickly, describing a sensation of increased warmth in the affected limbs which has been readily 
observed on examination. 

These authors believe that the parenteral administration of histidine monohydrochloride 
and sodium ascorbate is worthy of investigation, not only in peripheral vascular disease as such, 
but whenever the capillary loop is impaired, and also when a collateral circulation is imperative 
for the repair of or reversal of the pathologic process. With this in view, application of this 
regimen is now under investigation in coronary artery disease, angina pectoris, hypertension, 
glomerular nephritis, mesenteric thromboses, cerebral vascular accidents, Parkinson’s disease, 
multiple sclerosis, thrombosis of the central retinal vein, Méniére’s disease, migraine, and eclampsia. 

BELLET. 


Fastier, F. N., and Smirk, F. H.: Circulatory Properties of Iso-Thioureas, Guanidines, 
Iso-Ureas and Amidines. J. Pharmacol. & Exper. Therap. 89:256 (March), 1947. 


S-methyl iso-thiourea has been found to cause a sustained rise in blood pressure when given 
intravenously. The mechanism of its action and the action of ten other closely related chemical 
compounds on the circulatory system form the basis of this report. 

The compounds may be divided into four groups: (1) S-methyl iso-thiourea; (2) methyl- 
guanidine; (3) o-methyl iso-urea; and (4) acetamidine. The eleven compounds were tested upon 
intact dogs, cats, isolated rabbit intestine, and pithed hind quarters of rats perfused with oxy- 
genated Ringer-Locke solution through the abdominal aorta. 

All preparations were found to have pressor activity in the intact animal, since they caused 
contraction of atropinized rabbit gut and produced a rise in pressure of perfusion fluid in the 
This would correspond to a rise in blood pressure 


hind quarter preparation of the pithed rat, 
Ergotoxin did not inhibit this rise. 


in the intact animal, excluding central nervous control. 
Most of the compounds enhanced the action of adrenalin pressor response in the intact animal; 
they either increased or diminished the response of perfused blood vessels to injections of adrenalin. 
The evidence suggests the action of this group of closely related compounds is probably 
peripheral. Their close chemical relationship and similar circulatory action suggests that they 
may possess potentially useful properties as a pharmacologic group. 
GODFREY. 


Anrep, G. V., Barsoum, G. S., Kenawy, M. R., and Misrahy, G.: Therapeutic Uses of 

Khellin. Lancet 1:557 (April 26), 1947. 

Chemical analyses have shown the active principle of khellin to be a di-methosy-methyl- 
furano-chromone and that the preparation thus belongs to the same group as coumarines and 
possibly flavones. Khellin causes a conspicuous and long relaxation of visceral smooth muscle, 
including the intestines, uterus, bile ducts, bronchi, and, especially, ureters. 

In 1945, a fresh interest in khellin arose as the result of the discovery that it acts as an ex- 
tremely potent coronary vasodilator which, in doses used, has no effect on the general blood 
pressure and does not increase the oxygen requirements of the heart (Anrep and Misrahy, 1945). 
This action of khellin lasts many hours. 

A complete and prolonged relief was obtained in forty-one out of forty-five cases after a 
single intramuscular injection of 200 to 300 milligrams. Complete relief is given five to fifteen 
minutes after the injection and usually lasts about twenty-four hours. Repeated daily adminis- 
trations of khellin by injection or by mouth conspicuously reduce the number and severity of the 
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attacks. In obstinate cases of severe status asthmaticus a second and sometimes a third dose 
has to be given at intervals of one or two hours to produce relief. 

Since the publication of the observations of the authors a considerable number of prepara- 
tions of Ammi visnaga are being offered to the public without proper control or standardization, 
The authors issue a warning that crude extracts of Ammi visnaga may cause undesirable 
effects, especially when used for intramuscular injections in concentrated solutions. In animals 
such extracts may cause long-continued oliguria. Taken by mouth, crude extracts and decoctions 
often cause severe gastric irritation and nausea, and sometimes diarrhea. Therefore, all prepa- 
tions of Ammi visnaga to be used by mouth or by injection should be freed from injurious 
impurities, and the final concentration of the active principle (khellin) should be standardized. 
Extracts for oral or intramuscular administration should contain not less than 50 mg. per cubic 
centimeter. 

BELLET, 


Mills, P. J. W.: Hypertensive Headache Treated With Potassium Thiccyanate. Lancet 
1:324 (March 15), 1947. 


The author reports that potassium thiocyanate is known to be a normal physiolcgic con- 
stituent of the blood and saliva and, therefore, acts by replacing the salivary thiocyanate, which 
is low in many cases of malignant hypertension. Thiocyanate is also a vasodilator, but the symp- 
tomatic relief it gives does not correspond to the slight lowering of blood pressure that may occur. 

The symptoms which respond most readily to this drug are headache and dizziness. The 
effect on the blood pressure varies widely. The drug usuaily causes some lowering of both systolic 
and diastolic readings after one or two weeks’ treatment, but this lowering of the pressure is not 
maintained, although symptoms continue to be relieved. There is no definite relationship between 
lowering of the pressure and the relief of symptoms. 

After a study of twenty-seven cases of benign hypertension and ten cases of malignant hy- 
pertension, in which headache and giddiness were prominent symptoms, the author reaches the 
conclusion that this drug has a definite but limited place in the treatment of hypertension and 
should be restricted to cases in which hypertensive headache is a predcminant and troublesome 
symptom and does not respond to simpler forms of therapy. 

He states that this drug does not affect the course of the disease; nor does it permanently 
lower the blood pressure even in cases in which there is much symptomatic improvement. 

BELLET. 


Zondek, H.: Mixed Thyroidism. Acta med. orient. 5:387 (Dec.), 1946. 


The author terms a condition involving a mixture of hyper- and hypothyroidism mixed 
thyroidism. This condition was originally described by this author in 1924. Zondek reports 
cases presenting evidence of both hyper- and hypothyroid traits in different variations and com- 
binations, bringing attention to the fact that tachycardia, tremor, nervous hyperexcitability, 
and both high and low basal metabolic rates may be coupled with obesity and hypercholestero- 
lemia. 

The author theorizes as to the explanation of this condition and suggests the following 
theories: (a) disturbance in the normal balance of the pituitary and thyroid, or (b) production 
of a thyroid hormone which differs from the normally produced hormone from both biolegic and 
chemical viewpoints. 

The treatment of cases of “mixed thyroidism” varies according to which disturbance pre- 
dominates in the clinical picture. Generally, the basal metabolic rate should be considered as 
the main guide to therapy. 

Cases are reported in which both hyper- and hypothyreotic signs are concurrently found in 
varying combinations, for example, obesity, hypercholesterolemia, and low basal metabolic rates 
with tachycardia and exophthalmos. 


BELLET. 
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Bing, R. J., Vandam, L. D., and Gray, F. D., Jr.:_ Physiological Studies in Congenital 
Heart Disease II. Results of Preoperative Studies in Patients With Tetralogy of 
Fallot. Bull. Johns Hopkins Hosp. 80:121 (Feb.), 1947. 


This report deals with the results of preoperative studies on patients with congenital heart 
disease in whom clinical and physiologic examinations indicated the presence of reduced pul- 
monary blood flow. 

The volume of blood flowing through the pulmonary arteries was calculated according to a 
previous formula (Bull. Johns Hopkins Hosp. 80:107, 1947.) in a total series of 120 patients with 
pulmonic stenosis. In thirty-six of forty-eight consecutive studies selected for presentation in 
this paper, the flow through the pulmonary artery per square meter of body surface, according 
to the formula, showed marked variations above and below the values for the normal cardiac 
index. 

A comparison of the data obtained for systemic flows with those for the pulmonary artery 
demonstrated that the former exceeded pulmonary artery flow by from 0 to 9.7 liters per minute. 
This indicated that in the tetralogy of Fallot some of the returning mixed venous blood, unable 
to pass through the stenosed pulmonary artery into the lung, coursed through the interventricular 
septal defect and the overriding aorta directly into the systemic circulation, 

Values for pulmonary capillary flow were also calculated according to the formula and, in 
most of the younger individuals, agreed closely with those determined for pulmonary artery flow. 
In the majority of older patients, however, pulmonary capillary flow exceeded pulmonary artery 
flow, indicating that the lungs received blood from sources other than the pulmonary artery. It 
seemed probable that the collateral circulation to the lung represented an important factor in 
the physiologic adjustments of these individuals to their abnormally low pulmonary artery flow. 

Intracardiac and systemic blood pressures were obtained in a series of twenty-two patients 
with clinical and physiologic evidence of tetralogy of Fallot. It was shown that the right intra- 
ventricular systolic pressure was elevated in every instance except one; pressures recorded ranged 
from 20 to 110 mm. above the normal values of 18 to 28 mm. of mercury. 

The oxygen consumption in the great majority of individuals with decreased effective pul- 
monary flow was reduced. The basal metabolic rate calculated from these figures ranged as low 
as —48 per cent. This finding was of considerable interest since it suggested that the decrease in 
the overall metabolic processes might be the result of prolonged anoxemia. The basal metabolic 
rate of individuals with reduced effective pulmonary blood flow increased considerably following 
performance of the Blalock-Taussig operation. 

A standard exercise test was performed in a series of twenty-one patients. The ratio of 
oxygen consumed per liter of ventilation during exercise fell below its resting value and the carbon 
dioxide produced per liter of ventilation also declined in sixteen individuals. This was contrary 
to observations on normal individuals in whom the standard exercise resulted in a significant 
increase in the oxygen consumption and a slight rise in the carbon dioxide production. This 
demonstrated that the fall in arterial oxygen saturation after exercise observed in patients with 
normal rate of flow through the lung must have been caused by increased shunting of venous 
blood into the systemic circulation. 

The results of the tests described demonstrate a reduction in pulmonary artery flow of from 
1,000 to 2,000 c.c. below the normal cardiac index, depending on the degree of the stenosis. In 
normal individuals, variations in the overall circulating volume of blood flow are usually the 
result of functional changes. With varying degrees of pulmonic stenosis and interventricular 
septal defect, however, the systemic blood flow depends toa large extent on the volume of the intra- 
cardiac shunt. In most cases of tetralogy of Fallot, the systemic flow exceeds that through the 
pulmonary artery, indicating that the overall direction of the intracardiac shunt is from right to 
left. Consequently, the systemic blood flow will be particularly high in individuals with severe 
pulmonic stenosis, large interventricular septal defects, and marked overriding of the aorta. 

Intraventricular pressure curves obtained in pulmonary stenosis revealed the systolic pressure 
in the right ventricle to be 20 to 110 mm. Hg above normal values. It was observed that in 
eight out of a total of twenty-two recordings the general level of the ventricular diastolic pressure 
was elevated above the minimum values occurring early in diastole. The results illustrated that 
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the peripheral resistance varied while the mean systemic pressure showed only small variations 
from the normal. As the systemic flow increased, the peripheral resistance declined logarith- 
mically. 

The interrelationship of venous-arterial shunts and decreased pulmonary blood flow in the 
production of anoxemia is stressed. The basic action of both factors was shown to be through 
their effect on volume of mixed venous flow through the lung (the effective pulmonary blood flow) 
representing the volume of systemic blood, which after passing through the right auricle, reaches 
the alveolar capillaries. A decrease in pulmonary capillary flow existing in conjunction with 
intracardiac shunts contributes to arterial oxygen saturation only by reducing the effective pul- 
monary blood flow. A large right-to-left shunt will cause anoxemia for the same reason. 

BELLET. 


Cournand, A., Himmelstein, A., Riley, R. L., and Lester, C. W.: A Follow-Up Study 
of the Cardiopulmonary Function in Four Young Individuals After Pneumo- 
nectomy. J. Thoracic Surg. 16:30 (Feb.), 1947. 


Several years ago three reports were published which provided a physiologic background 
for some of the clinical problems posed by the ablation of one lung. The third report dealt with 
the changes in lung volume, and in ventilatory and alveolorespiratory functions at rest and dur- 
ing moderate and exhausting exercise in three young individuals who were still in their period 
of growth when studied a few years after pneumonectomy. A follow-up study is presented here 
and a fourth case has been added. These individuals have ncw reached late adolescence or adult 
age. In these four cases, the left lung was resected during childhood, in one or in several stages, 
for bronchiectasis or pulmonary suppuration. 

The method used consisted in the study at regular intervals of the lung volumes, the venti- 
latory efficiency of the chest bellows, the efficiency of alveolar ventilation, and the state of respira- 
tory gas exchanges in the lung and in the arterial blood, at rest and during a moderate and an 
exhausting type of exercise. At the time of the most recent study the right ventricular pressures 
and the pulmonary blood flow were measured in three of the four subjects under basal conditions. 

In two patients who developed a moderate degree of pulmonary distention, the only signifi- 
cant findings were a reduction in breathing reserve from normal and a marked degree of oxygen 
unsaturation in the arterial blood, brought out by a very strenuous type of exercise. The moderate 
degree of pulmonary distention, which increased slightly in one subject during the period of growth 
of his lung, has not progressed during the last three years. Performance of one subject who did 
not show any evidence of pulmonary distention was indistinguishable from that of a normal in- 
dividual under the same strenuous circumstances. No significant degree of hypertension in the 
lesser circulation has developed in the six to ten years that have elapsed since operation. 

In individuals with only one lung, preservation of normal pressure-flow relationship may be 
achieved in two ways which may complement each other: (a) by an increase in the number of 
capillaries, or (b) by an increase in their size. By a simple calculation, based on Poiseuille’s 
law, it can be shown that an increase of only 16 per cent in the diameter of the capillaries of 
one lung would allow a 100 per cent increase in pulmonary blood flow to occur without any change 
in pressure in the pulmonary artery. 

BELLET. 


Hoyne, A, L., and Grown, R. H.: Penicillin for Scarlet Fever. J.A.M.A.133:661 (March), 
1947. 


These authors studied 548 patients with scarlet fever. Of that number, beside the 116 who 
were given penicillin, sixty-nine were treated with convalescent scarlet fever serum, forty-eight 
with one of the sulfonamide drugs, and two with scarlet fever antitoxin; the remaining 312 who 
were given neither serum nor drugs served as controls. All patients were treated in the same 
hospital, in a given period of time; in each group there were mild, moderate, and severe instances 
of the disease, and evaluations in respect to treatment were based on the impressions formed by 
the same observers through personal contact and study. Among the entire group, only 4.2 per 
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cent suffered from suppurative otitis media during the entire course of their illness. The disease 
was mild in most instances, and only one death occurred in the series of 548 patients. 

The average number of days of illness was higher for the penicillin-treated group; however, 
the average number of days of the rash was less in this group. Penicillin exerted no special in- 
fluence on temperature. Fewer complications followed its use than occurred with other forms of 
therapy, though the penicillin group had the highest percentage of complications at the time of 
hospitalization. 

Sulfonamide-treated patients were not protected against further infection; the percentage 
of complications which developed after the institution of treatment in the group given penicillin 
was less than half as great as that for those patients who received either sulfonamide compounds 
or convalescent serum. 

The authors state that penicillin therapy is equally as good a therapeutic agent for scarlet 
fever as is convalescent serum, and is superior to the sulfonamide group of drugs. 
BELLET. 


Epstein, B. S.: Rheumatic Mitral Valve Disease Without Cardiac Enlargement. Radi- 

ology 48:249, 1947. 

The diagnostic problem of mitral valve disease is sometimes very perplexing and the aid of 
the roentgenologist is often sought. It should be recognized by both the internist and roent- 
genologist that in mitral valve disease there may be no visible alteration in the radiographic 
appearance of the heart, just as mitral murmurs may be absent or atypical. 

The author reviews twenty-five cases of well-defined mitral stenosis in which the roent- 
genographic appearance was normal. Fluoroscopy and teleroentgenograms, including the meas- 
urement techniques of Newcomer and Newcomer and of Ungerleider and Gruber, were used. 
The author quotes various autopsy reports of well-defined mitral and aortic valvular disease 
with no cardiac enlargement. He also points out the fact that although left atrial dilatation is 
the earliest roentgen sign of mitral valvular disease, there is a small group of patients with mitral 
stenosis who have cardiac enlargement without left atrial dilatation. 

The conclusions are that if the murmurs are characteristic the diagnosis of mitral valve 
disease must be made even in the absence of any roentgen signs. Conversely, if cardiac enlarge- 
ment is observed roentgenographically, the conclusion that organic heart disease is present 


must be reached even though the murmur may be atypical or minimal. 
ZION. 


Heymans, C., Pannier, R., and Verbeke, R.: The Influence of the Anticholinesterases, 
Prostigmine, Eserine and Di-isopropylfluorophosphate, and of Atropine on the 
Central and Peripheral Transmission of Nervous Excitation. Arch. internat. de 
pharmacodyn. et de thérap. 72:405 (Sept.), 1946. 


The authors studied the influence of three anticholinesterases, prostigmine, eserine and di- 
isopropylfluorophosphate, and of atropine on the transmission of nervous excitation at the level 
of the centers and peripheral elements of different parts of the nervous system which. have been 
considered as cholinergic in their mechanism of action or transmission. The experiments were 
performed on anesthetized dogs and on the isolated perfused head and isolated perfused carotid 
sinus. 

It was found that prostigmine does not enhance the direct or reflex excitation of the cardio- 
inhibitory of respiratory centers, nor does it affect the transmission of vasomotor reflexes in- 
duced by the carotid sinus presso-receptors. Atropine does not affect the direct or reflex excitation 
of the cardioinhibitory or respiratory centers. The very active anticholinesterase, di-isopropyl- 
flourophosphate, in doses which inhibit completely the cholinesterases of blood and tissue, sen- 
sitizes to anticholine but does not increase the peripheral excitibility of the vagal cardioinhibitory 
nerve. It does not affect the cardiovascular and respiratory reflexes induced by the carotid sinus 
presso-receptors, nor does it produce hypersalivation, myosis, hyperperistalsis, or bronchospasm. 

Injection of prostigmine or eserine after inhibition of cholinesterases by preliminary adminis- 
tration of di-isopropylfluorophosphate still produces bradycardia and other vagal effects. These 
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reactions are neutralized by atropine and cannot be related to the anticholinesterase activity of 
prostigmine and eserine. Di-isopropylflourophosphate appears to sensitize the dog to the phar- 
macologic action of prostigmine and eserine. 


These results are contrary to the theory that a cholinergic mechanism is concerned in the 
transmission of the nervous stimulations which have been tested. 


LAPLACE. 


Heymans, C., Pannier, R., and Vanostende, A.: The Influence of Pulmonary Hyperven- 
tilation on the Vasomotor Reflexes of the Carotid Sinus and on the Tonus of the 
Vasomotor Center. Arch. internat. de pharmacodyn. et de thérap. 72:430 (Sept), 1946, 


The effect of hyperventilation on the vasomotor reflexes of the carotid sinus and on the tonus 
of the vasomotor centers was studied in a series of experiments on anesthetized dogs. It was found 
that when mechanical interference with the pulmonary and thoracic circulation is avoided, 
hyperventilation, alkalosis, and acapnia do not produce any fall of the general arterial blood 
pressure. The central vasoconstrictor tone and the vasomotor reflexes initiated by the carotid 
sinus presso-receptors are only slightly, if at all, depressed by hyperventilation, alkaloses, and 
acapnia. The influence of anesthetics on the role of the vasomotor reactions in the adaptation of 


the.circulation during hyperventilation, acapnia, and alkalosis is discussed. 
LAPLACE, 


Heymans, C., and Delaunois, A. L.: The Influence of Arterial Work and Pressure on 
the Activity of the Cardiovascular and Respiratory Centers. Arch. internat. de phar- 
macodyn, et de thérap. 72:444 (Sept.), 1946. 


Experiments on intact anesthetized dogs and on the isolated perfused cephalic circulation 
indicated that changes in blood flow and blood pressure within physiologic but not extreme physio- 
pathologic limits do not directly affect the activity of the respiratory or cardiovascular centers. 
The activity of these centers may be reflexly affected by variations in carotid arterial pressure 
through the mechanism of the carotid sinus. As previously demonstrated, the activity of the 
respiratory and cardiovascular centers may be affected by extreme modifications of cerebral blood 
flow, but this has no practical importance for the physiologic control of respiration and circulation. 

L APLACE. 


Segers, M.: The Normal and Pathological Aspects of Conduction During the Refractory 

Phase. Arch. d. mal. du coeur. 39:260 (July-Aug.), 1946. 

The duration of the refractory phase of conduction tissue was studied in a series of sixty- 
three electrocardiograms, which included auricular extrasystoles, sinus arrhythmia, and inter- 
polated ventricular extrasystoles. Measurements were made of the P-Q and QRS intervals when 
two or more beats occurred in rapid succession. 


It was found that in normal hearts the QRS interval was not prolonged during a succession of 
rapid beats. The refractory phase of intraventricular conduction tissue, therefore, is relatively 


short. 


Block of the P wave was considered indicative of the duration of the absolute refractory 
phase of the bundle of His. In normal hearts, this phase was found to end at latest 0.20 second 
after the R wave of an auriculoventricular beat, and 0.25 second after the R wave of an idioventri- 
cular beat. Block of a P wave for longer than this interval was regarded as pathologic. 


Lengthening of the P-Q interval was considered indicative of the duration of the relative 
refractory phase of the bundle of His. In normal hearts, this phase was found to end at latest 
0.20 second after the end of the absolute refractory phase. Lengthening of the P-Q interval beyond 
this limit was considered pathologic. 


The authors regard these observations as establishing the normal and pathologic limits of 
the refractory phase of conduction tissue in man. 


LAPLACE 
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Peet, Max M.: Results of Bilaterial Supradiaphragmatic Splanchnicectomy for Arterial 
Hypertension. New England J. Med. 236:270 (Feb. 20), 1947. 


The author considers neurogenic renal ischemia to be the fundamental mechanism of hyper- 
tension in the majority of cases. The abnormal stimulus originates in the hyperreactive autonomic 
centers of the brain and is transmitted to the kidneys by the splanchnic nerves. Raynaud's disease 
is analogous. Release of the neurogenic clamps is accomplished by bilaterial supradiaphragmatic 
splanchnicectomy. This brief, one-stage operation has now been performed by the author in over 
1,500 patients. The period of hospitalization and convalescence is short. 


The best results most frequently have been attained in individuals under 30 years of age. 
Operation is rarely recommended in patients over 53 years of age unless symptoms are unusally 
distressing. In the clincal evaluation, the condition of the heart, kidneys, cerebral blood vessels, 
and eyes are evaluated with great care. Cardiac decompensation is a definite contraindiction to 
surgery, unless it improves under therapy. Recent myocardial infarction is also a contraindica- 
tion. Gross cardiac enlargement increases the operative risk, but results in these patients may be 
excellent. Patients with markedly contracted or polycystic kidneys or unilateral nonfunctioning 
kidney are rejected. A nonprotein nitrogen of over 45 mg. per cent is considered a definite 
contraindication to surgery, and those with levels above 40 are selected with hesitation. The op- 
eration is not performed on patients with chronic glomerulonephritis, but some of the most bril- 
liant results have been obtained in patients in whom the hypertension was a sequel of “hyper- 
tensive toxemia of pregnancy.” Patients with cerebral complications of short duration and with- 
out pronounced residual damage are considered suitable candidates, especially if under 50 years 
of age. Malignant hypertension, in the absence of far advanced cardiac or renal damage, is con- 
sidered a definite indication for surgery. 


The majority of the patients of the author’s series have been followed for from one to twelve 
years. The results are given. Symptomatic relief has been striking. Significant improvement in 
reduction of blood pressure, improvement in ocular, renal, and cardiac status, relief of incapaci- 


tation, and probable prolongation of life are reported. 
Kay. 


Nickerson, J. L., Warren, J. V.. and Brannon, E, S.: The Cardiac Output in Man: Studies 
With the Low Frequency, Critically Damped Ballistocardiograph, and the Method 
of Right Atrial Catheterization. J. Clin. Investigation 26:1 (Jan.), 1947. 


A ballistocardiograph, mounted on a fluorocopic table to facilitate right atrial catheteriza- 
tion, was constructed so that its undamped natural frequency was low and permitted, in addition, 
adjustment to a frequency of 1.5 cycles per second. In such a ballistocardiographic system only 
a minimum of overshooting occurs when the bed springs back from a displaced position to its 
resting position. 

Of fifty-four observations made on thirty-two subjects without clinical evidence of heart 
disease, 87 per cent of the ballistic cardiac outputs fell within a range of + 25 per cert of the values 
obtained by the catheter method (Fick principle). Of twenty-seven observations made in twenty- 
six patients with heart disease or myxedema, 60 per cent of the ballistic values fell within the 25 
per cent range of the catheter values if the patients with aortic insufficiency were excluded from 
the calculations. In these latter patients, the ballistic outputs exceeded the catheter outputs by 
an amount supposedly equivalent to blood regurgitated. 


In five patients in shock there was good correlation between the values obtained by both 
methods, whereas others, using the high frequency, undamped ballistocardiograph, have obtained 
results not in agreement with results based on the Fick principle. Since the latter itself may give 
rise to a 25 per cent range of variation the low frequency, critically damped ballistic method 
promises to be a simple and conve nient tool in the determination of cardiac output in normal and 


abnormal! states. 


FRIEDLAND, 
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Pugh, D. G.: The Roentgenologic Diagnosis of Coarctation of the Aorta. Proc. Stafi 
Meet., Mayo Clin. 22:130 (April 2), 1947. 


In many cases the roentgenologic diagnosis of coarctation of the aorta can be made with ease 
and accuracy. One of the most important diagnostic features consists of notching of the inferior 
aspects of the posterior portions of the ribs. Occasionally, notching of the ribs is not conspicuous 
and is easily overlooked. Infrequently no notching of the ribs can be seen in adult patients who 
have coarctation of the aorta. This is probably explained by the fact that the degree cf stenosis 
is not great and an extensive collateral circulation does not develop, and, as a result, the intercostal 
arteries will not be sufficiently enlarged to ercde the ribs. Notching of the ribs often cannot be 
seen in children, and for this reason in this age group the roentgenologic diagnosis cf coarctation 
of the aorta sometimes cannot be made. 

In coarctation of the aorta the aortic knob is small or absent and there is hypertrophy of the 
left ventricle. These signs are in no way pathognomonic of coarctation of the aorta but should 
lead to further investigation. Infrequently the constricted segment of the aorta can be seen in 
the left anterior oblique view. In older patients who have atheromatous or calcareous changes in 
the aorta the coarctation may be seen occasionally, but in young patients this is usually impossible. 

When notching of the ribs is not present or is not seen, the diagnosis of coarctation of the aorta 
is dependent on clinical observation. If there is clinical evidence of coarctation of the aorta, angio- 
cardiography can be of assistance in confirming the diagnosis. This method of study is of parti- 
cular value prior to surgery. 

BELLET. 


Shick, R. M.: Surgical Treatment of Coarctation of the Aorta; Report of a Case. Proc. 
Staff Meet., Mayo Clin. 22:127 (April 2), 1947. 


The author presents a preliminary report of a case in which coarctation of the aorta was 
successfully treated by surgical correction of the malformation. A white man, 34 years of age 
was referred to the Clinic for consideration of sympathectomy. During the five months prior to 
his admission, blood pressure readings had varied between 250/125 and 210/95. On the basis of 
clinical and laboratory findings a diagnosis of coarctation of the aorta with probable high-grade 
stenosis was made and surgical exploration was carried out. The technique of the operation, 
described in a subsequent article, resembles in its main features that described by Crafoord and 
Gross. The postoperative course was uneventful. No anticoagulent therapy was given at any 
time. The patient was gotten out of bed gradually after the eleventh postoperative day and was 
dismissed from the hospital on the twenty-second postoperative day. 

At the termination of the operation the blood pressure was 164/86 in the right arm and 
166/120 in the right leg. At the time of dismissal the values in the right arm varied between 
162/90 and 146/76. 

BELLET. 


Poppe J. K. and de Oliveira, H. R.: Treatment of Syphilitic Aneurysms by Cellophane 
Wrapping. J. Thoracic Surg. 15:186 (June), 1946. 


The authors report a case of a 36-year-old colored man who was admitted to the hospital 
with a history of syphilis. A large pulsating aneurysm was discovered immediately below the arch 
of the aorta in the left posterior mediastinum. The blood pressure on the right was 98/66 and on 
the left, 104/70. No murmurs or thrills were heard over the patient's chest. An exploratory thora- 
cotomy was performed through a posterolateral incision with the resection of the sixth rib. A 
large pulsating fusiform aneurysm was found involving about one-third of the descending aorta, 
centering opposite the seventh vertebra. The aneurysmal sac was exposed over about 80 per cent 
of its surface. A single layer of 1.5 millimeter polythene cellophane was tacked loosely over the 
exposed areas of the aneurysm. The left lung was then re-expanded, the chest wall closed, and the 
excess air aspirated from the left pleural cavity. The postoperative course was uneventful with a 
return of the patient’s temperature to normal on the fifth postoperative day. The patient was 
ambulatory and afebrile at the time of discharge on the thirteenth postoperative day, complaining 
only of a continued pain in the left side of the posterior part of the chest. This pain was gradually 
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decreased, and the throbbing ache in the ieft side of the anterior part of the chest completely dis- 
appeared during the first three months after his operation. 


The use of polythene cellophane seems to offer a successful method of producing gradual 
fibrosis and obliteration of aneurysms and large vessels; the experimental studies reported here 
have shown that, in order to obtain the desired result, it is necessary to use a particular type of 
cellophane, since some varieties produce no fibrosis. Polythene cellophane has been found useful 
not only in the treatment of aortic aneurysms but also in the obliteration of a patent ductus 


arteriosus. 
BELLET. 


Govea, J.: Ayerza’s Disease. Rev. cubana de cardiol. 7:145 (July), 1946. 

As a result of his personal experience and that of the Argentine school, the author reaffirms 
his belief in the existence of Ayerza’s disease as a distinct nosologic entity. Profound cyanosis 
and chronic right heart failure, preceded by a history of chronic cough, are the outstanding features 
of the disease. Contrary to general belief, syphilis is absent as often as it is present. 


The fundamental physiologic disturbance is in the alveolar gaseous exchange. The “black 
cardiac” utilizes only 47 per cent of the tidal air, in contrast to the normal 73 per cent, with which 
to aerate the pulmonary alveoli. The alveolar oxygen tension is reduced to 10 per cent or less with 
a corresponding rise in alveolar and blood carbon dioxide. A compersatory polycythemia develops 
and deep cyanosis results. Alveolar hypoventilation is the basic physiolegic disturbarce of Ayer- 


za’s disease. 


Anatomically, the bronchopulmonary lesions and pulmonary artery sclerosis result in hyper- 
tension of the lesser circulation with secondary right ventricular hypertrophy and failure. Right 
axis deviation is present in the electrocardiogram and at times a pattern suggestive of posterior or 
right coronary insufficiency can be seen. These patients often complain of typical anginal pain 
which may be related to acute right ventricular dilatation. However, the anoxemia, carbon dioxide 
acidosis, and increased parasympathetic tone present in these patients are the most likely causes 
of the coronary pain, Firally, some of these patients do rot die as a result of chronic right heart 
failure but of sudden cardiac asystole. This, according to the author, is worthy of emphasis be- 


cause it occurs often unexpectedly in cases that are fairly well under control. 
GOLD, 


Cossio P., and Berconsky, I.: Acute Benign Pericarditis. Medicina 7: 1 (Feb.), 1947. 


The authors report ten cases of acute, benign (non-suppurative) pericarditis of unknown 
origin. This condition began suddenly in otherwise healthy adults, who manifested substernal or 
precordial pain that radiated to the shoulders, neck, arms, or abdomen, and was aggravated by 
deep breathing, cough, or movements of the trunk. Additional manifestations were moderate 
fever, leucocytosis, and increased sedimentation rate. The cardinal sign was a to-and-fro peri- 
cardial friction rub which was followed in 30 per cent of the cases by pericardial effusion that did 
not require aspiration. The illness usually lasted from two to six weeks. Recurrence of precordial 
pain occurred in some cases. The electrocardiographic pattern was diagnostic. It consisted of 
elevation of the S-T segment in all leads, followed by inversion of the T waves. Complete restitu- 
tion to normal occurred in ail cases. The authors distinguish this disease from suppurative peri- 
carditis, tuberculosis pericarditis, myocardial infarction with and without pericarditis, and 


spontaneous mediastinal «mphysema. 
GOLD. 


Castellanos A., Perez De Los Reyes, R., and Garcia Lopez, A.: Angiocardiography—Com- 
parative Study With Autopsy Findings. Rev. cubana de Cardiol. 8:29 (Feb.), 1947. 


The authors who originated angiocardiography in the study of congenital lesions (the dextro- 
angiocardiogram) compared their x-ray diagnosis with the autopsy findings in twenty-three sub- 
jects and found that an exact anatomic diagnosis was made in twelve cases, or 52.1 per cent; while 
a partial diagnosis was made in nine cases, or 39.1 per cent. In the remaining two cases the lesions 
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were misdiagnosed. With the further extension of this diagnostic procedure by Steinberg and Robb 
(levoangiocardiogram), the chances of correct diagnosis of anatomic defects of the heart have been 


greatly increased. 


GOLp. 


Bell, F. K., Carr, C. J., and Krantz, J. C.: Digitalis V. The Baljet Reaction and Pharma- 
codynamices of Diginin. J. Pharmacol. & Exper. Therap. 89:143 (Feb.), 1947. 


In 1937, Karrer isolated a new glycoside from the leaves of Digitalis purpurea called diginin. 
It differs from the other glycosides in that it is not a lactone. It was reported as having little cardio- 
tonic activity. Its presence, in significant amounts, appeared to be an obstacle to the assay of digi- 
talis preparations by the colorometric method based upon the Baljet reaction (glycosides, in the 
presence of an excess alkaline sodium picrate, develop a red color). Hagemeier reported a high 
color intensity for diginin. Solutions of diginin in absolute methanol were tested in concentrations 
of from 5 to 30 mg. per 100 cubic centimeters. They showed low color values when compared to 
digitoxin on either a weight or a molar basis. Plotted on a basis of molar concentration, diginin 


gave colorometric readings approximately one-third those of digitoxin. 

The significance of diginin in standard preparations, bioassayed by the Beljet reaction, is 
limited. It must be assumed that the U. S. P. preparations contain significant amounts of this 
glycoside. When unknowns are compared to U, S. P. standards, it would take a large discrepancy 
of diginin content to cause a significant error. Diginin was found to have very little cardiotonic 
action in both cats and dogs. Large quantities (ten times more than digitoxin) were necessary 
to cause death, 

GODFREY. 


Kissane, R. W., Fidler, R. S., and Clark, T. E.: Liver Dysfunction in Rheumatic Heart 
Disease. Preliminary Report. Am. J. M. Sc. 213:410 (April), 1947. 


The cephalin-cholesterol flocculation reaction was found positive in 72 per cent of 136 cases 
of rheumatic heart disease. Neither the valvular lesion, age of the patient, nor the length of time 
rheumatic heart disease had existed seemed to effect any variation from the percentage of positives 
in the entire group. Also, there was no correlation between the degree of positive reaction and the 
degree of functional severity of rheumatic heart disease. 

DURANT. 


Blumberg, N., and Schloss E, M.: The Effect of Circulatory Factors on the Bromsul- 
phalein Test in Liver Disease. Am. J. M. Sc. 213:470 (April), 1947. 


Evidence is presented that two factors may be concerned in the mechanism of bromsulpha- 
lein retention: hepatic excretory dysfunction, and circulatory inadequacy. There does not appear 
to be any present method for delineating the proportion of influence to be assigned to each factor 
where both are operative in the same patient. However, the data suggest the advisability of per- 
forming studies of circulatory integrity in those cases of liver disease in which there is clinical 
evidence of concomitant cardiovascular involvement. While it is evident that those instances in 
which such circulatory studies are abnormal will fail to indicate the proportion of abnormal dye 
retention due to either factor, it is equally true that those in which circulation time and venous 
pressure are normal will present confirmation that the abnormal bromsulphalein retention can 
then be attributed solely to hepatic dysfunction. 

DURANT. 


Hirsch, H. L., Rotman-Kavka, G., Dowling, H. F., and Swee, L. K.: Penicillin Therapy 

of Scarlet Fever. J.A.M.A. 133:657 (March 8), 1947. 

These authors treated eighty-six patients with scarlet fever with penicillin X, crystalline 
penicillin G and commercial penicillin. The first thirty-four patients were treated with penicillin 
X and five patients were treated with penicillin G. Thereafter, alternate patients were given either 
commercial penicillin in doses of 25,000 units every 3 hours, or 9,000 to 27,000 units of antitoxin, 
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depending on the degree of toxicity. A group of eighteen patients received oral penicillin in a 
dose of 125,000 units every three hours. These authors established five days as a minimum period 
of treatment for scarlet fever. 

Penicillin therapy resulted in a prompt fall in temperature, a decrease in toxicity, a decided 
reduction in the incidence of pyogenic complications, and practically eliminated the carrier state. 
Penicillin was more effective than antitoxin or symptomatic therapy in the prevention of compli- 
cations and in reducing the number of carriers and was equally effective in decreasing toxicity. 
Antitoxin caused a more rapid decline in temperature than did penicillin. However, temperature 
dropped more rapidly in patients given penicillin than in symptomatically-treated patients. 

These authors feel that a further advantage of penicillin over antitoxin in the routine treat- 
ment of scarlet fever is the elimination of the frequent occurrence of serum sickness following 
the use of antitoxin. They also state that severely toxic patients should receive antitoxin in addi- 


tion to penicillin. 


BELLET. 


Levine, S. A., and Geremia, A. E.: Clinical Features of Patent Ductus Arteriosus With 
Special Reference to Cardiac Murmurs. Am. J. M. Sc. 213:385 (April), 1947. 


The accurate diagnosis of congenital heart disease is no longer a purely academic or intellectual 
endeavor now that modern surgery has made possible the successful treatment of certain types ot 
such disease. Realizing this fact, the authors have made a very thorough study of thirty-seven 
verified cases of patent ductus arteriosus, with special emphasis on the auscultatory findings before 
and after operation. 

The first interest was the intensity of the murmur. In twenty-five patients in whom accurate 
estimation by a competent observer was made preoperatively, the average intensity of the systolic 
component was found to be Grade 4; in eleven, Grade 3; and in one, Grade 2. In twenty-one in- 
stances the intensity of the diastolic component was carefully noted preoperatively and the average 
was found to be Grade 3. In no instance was the diastolic component louder than the systolic. 
In five patients it was faint enough to be called Grade 2, and in one instance it was considered to be 
only Grade 1. 

There was no instance in the series in which no murmur could be heard at all, although in one 
instance it disappeared during the last month before death. The murmur was generally loudest 
in the pulmonary area. When very loud it was widely distributed, being heard in the interscapular 
area and even, at times, as far down the arm as the olecranon process. Apical systolic murmurs 
were always present, and in some patients the continuous systolic and diastolic murmur were also 
heard, though fainter, at the apex. In four patients a definite mid-diastolic murmur, unlike the 
pulmonic murmur and resembling the murmur of mitral stenosis, was heard. A definite palpable 
systolic thrill was present in twenty-one of the thirty-seven cases, and was maximal in the second 
and, occasionally, in the first left intercostal space. It was always systolic in time but occasionally 
extended well into diastole 

The most significant observation in the postoperative study was the fact that a slight pulmonic 
systolic murmur may persist for a considerable time after successful division of the ductus. Such 
basal systolic murmurs may possibly be explained on the basis of continued dilatation of the pul- 
monary artery, or may have the same debatable significance ascribed to other inconsequential! or 
functional basal systolic murmurs. The occasional persistence of a basal systolic and diastolic 
murmur may be interpreted in one of several ways: namely, recanalization of the duct (when it has 
been ligated but not divided), the presence of bacterial endocarditis of the aortic valve, or an 
additional anatomic lesion, such as coarctation of the aorta or some other congenital abnormality. 

A review of the blood pressure readings confirmed the fact that the pulse pressure is increased 
in patent ductus arteriosus and that the levels return to normal after treatment. The average 
systolic pressure was not altered by operation, but the average diastolic pressure rose 20 milli- 
meters of mercury. 

In the thirty-four cases in which preoperative electrocardiograms were available, four showed 
left axis deviation; only one showed right axis deviation. The electrocardiogram, therefore, 
proved to be indirectly helpf! in diagnosis since right axis deviation is very common in various 
other forms of congenital heart disease. 
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The diagnostic problem in exceptional cases may be very difficult. In these, catheterization 


of the heart is necessary to establish an accurate and definitive preoperative diagnosis, Only in 


this way will some cases avoid harmful surgery. 


DURANT 


Smith, B. C., and Quimby, E. H.: The Use of Radioactive Sodium in the Study of 
Peripheral Vascular Disease. Ann. Surg. 125:360 (March), 1947. 


By means of an intravenous injection of 3 to 7 cc. of a sterile solution of radioactive sodium 
and counting the arrival of the radioactive atoms at the sole of the foot by a Geiger-Miiller 
counter, the authors have developed a method of studying the circulation to an extremity. The 
radioactive sodium leaves the capillaries, enters the extravascular fluid, and builds upto an equi- 
librium, and curves can be plotted which have a definite normal range. 


Various pathologic states, such as occlusive vascular disease on an arteriosclerotic and also 
on a thromobangiitic basis, have been studied. The test enabled the authors to determine the advis- 
ability of conservative therapy, and if amputation became necessary, the lowest possible level in 


which it was safe. 

The test also may be of value in the preoperative selection of hypertensive patients for thora- 
columbar sympathectomy. Patients whose curves were very low, that is, with a considerable 
spasmotic element, usually benefitted greatly, whereas those with normal curves either experienced 
a severe vascular complication or died following operation. 

Lorp. 


Saccomanno, G., Utgterback, R. A., and Klemme, R. M.: Anatomic Data Regarding 
the Surgical Treatment of Angina Pectoris. Ann. Surg. 125:49 (Jan.), 1947. 


Employing dogs as their experimental animal, the authors isolated the spinal cord between 
the eighth cervical and the seventh thoracic segments. The spinal nerves were also isolated and 
cut between a ligature and the cord. The effect of stimulation of each spinal nerve on the pulse 
rate and blood pressure was studied. They observed that cardiac acceleraticn was greatest when 
the second and third thoracic nerves were stimulated; acceleration was present but less in degree 
when the fourth and fifth nerves were stimulated. There was no change in rate on stimulation of 
the eighth cervical and first thoracic nerves. The authors also observed that elevaticn cf the blecd 
pressure followed stimulation of the second through the seventh thoracic nerves, in a relatively 
constant manner. 

As a result of their experimental data and that of others, they concluded that surgical removal 
or alcohol injection of the second, third, and fourth thoracic sympathectic ganglia on the left side 
(usually the affected side) will result in relief of anginal pain and bring about diminution of coron- 
ary spasm. 

Lorp. 


Southworth, J. L. and Russek, H. I.: A Technic for Testing Hypertensive Patients 

Preoperatively. Ann. Surg. 125:119 (Jan.), 1947. 

The authors first point out that sympathectomy in the treatment of hypertensive patients is 
a worthwhile procedure. The mechanism by which operation brings relief is obscure but seems to 
be most valuable in those patients who demonstrate a significant degree of vasospasm. The most 
difficult task has been the proper selection of cases preoperatively, and they believe that continu- 
ous cauCal analgesia and lumbar peridural anesthesia have real value in determining which patient 
will have effective blood pressure reduction following sympathectcmy. The technic of continuous 
caudal analgesia is simpler than lumbar peridural anesthesia, but the latter more nearly reproduces 
the denervation achieved by thoracolumbar sympathectomy. 

Approximately one third of the paper is devoted to a description of the two technics. 
No results are offered as these have been presented in an earlier report. 


Lorn. 


American Heart Association, Inc. 


1790 Broapway, NEw York 19, N. Y. 
Telephone Circle 5-8000 


ANNUAL MEETING 

The Annual Meeting and Twenty-first Scientific Session of the American Heart Association 
will be held in Chicago, Illinois, on June 18 and 19, 1948. The Stevens Hotel will be the head- 
quarters for all meetings and for the Annual Dinner which will take place on Saturday evening, 
June 19. 

The Chairman of the Program Committee for the Annual Scientic Session is Dr. Herrman 
L. Blumgart, 330 Brookline Avenue, Boston, Massachusetts. All who desire to present papers 
at the meetings in Chicago on June 18 and 19 should forward to Dr. Blumgart an abstract of the 
proposed presentation of not more than 500 words. The dead line for the receipt of abstracts is 
Feb. 1, 1948. 


MEMBERSHIP 


The American Heart Association and its local affiliates throughout the United States have 
agreed upon a system of interrelated membership. New members residing in areas where local 
Heart Associations exist shall be joint members of both the local and the American Heart Asso- 
ciation. New members resident in areas where no local affiliated Heart Association exists may 
apply directly for membership. In addition to physicians, members of other professional groups 
and laymen are now welcome as members of the American Heart Association. 

Membership blanks will be sent upon request, as well as information about membership 
in local Heart Associations. The following types of membership are provided by the American 
Heart Association. 


Annual Membership $ 2.50 Contributing Membership $25 .00 
Journal Membership $10.00 Patron Membership $50.00 or more 


The dues of the local Heart Associations are added to these. 


Annual Membership includes twelve issues of Modern Concepts of Cardiovascular Disease. 

Journal Membership includes a year’s subscription to the AMERICAN HEART JOURNAL (Jan- 
uary-December), twelve issues of Modern Concepts of Cardiovascular Disease and annual mem- 
bership in the Association. (A special Journal Membership for the remainder of 1947 is available 
for a limited time. Details will be given on request.) 

Subscription to the AMERICAN HEART JOURNAL through the publishers does not provide for 
membership in the American Heart Association, except as provided for in a Journal Membership. 


Tw American Heart Association was founded in 1924 ‘‘for the study of and the dissemination 
and application of knowledge concerning the causes, treatment and prevention of heart disease; the 
gathering of information on heart disease; the development and application of measures that would 
prevent heart disease; seeking and provision of occupations suitable fcr heart disease patients; the 
promotion of the establishment of special dispensary classes for heart disease patients; the extension 
of ——— for adequate care of cardiac convalescents; the promotion of permanent institutional 


care for such cardiac patients as are hopelessly incapacitated from self-support; and the encourage- 
ment and establishment of local associations with similar objects throughout the United States.” 

The Section for the Study of the Peripheral Circulation was organized in 1935 for the purpose of 
stimulating interest in investigation of all types of diseases of the blood and lymph vessels and of 
problems concerning the circulation of blood and lymph. Any physician or investigator may become 
a member of the section after election to the American Heart Association and payment of dues to 
that organization. 

The American Council on Rheumatic Fever, organized in 1944, consists of a group of repre- 
sentatives of all national medical organizations concerned with rheumatic fever. It operates adminis- 
tratively through the American Heart Association and carries out the program of the American Heart 
Association insofar as that relates to rheumatic fever. 

The Association earnestly solicits your support and suggestions for its work, Donations will be 
gratefully received and promptly acknowledged. 
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